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(57) ABSTRACT 
Embodiments of the present invention provide methods of 
identifying a feature in an indexed dataset. Such embodi 
ments encompass selecting an initial subset of indices, the 
initial subset of indices being encompassed by an initial 
WindoW-of-interest and comprising at least one beginning 
index and at least one ending index; computing an intensity 
Weighted measure of dispersion for the subset of indices 
using a subset of responses corresponding to the subset of 
indices; and comparing the intensity Weighted measure of 
dispersion to a dispersion critical value determined from an 
expected value of the intensity Weighted measure of disper 
sion under a null hypothesis of no transient feature present. 
Embodiments of the present invention also encompass 
equipment con?gured to perform the methods of the present 
invention. 
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IDENTIFICATION OF FEATURES IN INDEXED 
DATA AND EQUIPMENT THEREFORE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a Continuation-In-Part of US. patent appli 
cation Ser. No. 09/288,758 ?led Apr. 8, 1999, and titled 
“Method of Identifying Features in Indexed Data.” 

[0002] This invention Was made With Government support 
under Contract DE-AC0676RLO1830 aWarded by the US. 
Department of Energy. The Government has certain rights in 
the invention. 

FIELD OF THE INVENTION 

[0003] Embodiments of the present invention relate gen 
erally to analyzing indexed data and more speci?cally to 
methods, and devices for performing such methods, of 
identifying and/or characteriZing features in indexed data, 
for example spectral data. 

BACKGROUND OF THE INVENTION 

[0004] As used herein, the term “indexed dataset” or 
“spectrum” refers to a collection of measured values called 
responses Where each response is related to one or more of 
its neighbor element(s). The relationship betWeen the one or 
more neighbor elements may be, for example, categorical, 
spatial or temporal. In addition, the relationship may be 
explicitly stated or implicitly understood from knowing the 
type of response data and/or hoW such data Were obtained. 
When a unique index, either one dimensional or multi 
dimensional, is assigned to each response, the data are 
considered indexed. One dimensional indexed data is be 
de?ned as data in ordered pairs (index value, response). The 
index values represent values of a physical parameter such 
as time, distance, frequency, or category; the responses can 
include but are not limited to signal intensity, particle or item 
counts, or concentration measurements. A multi-dimen 
sional indexed dataset or spectrum is also ordered data, but 
With each response indexed to a value for each dimension of 
a multi-dimensional array. Thus a tWo-dimensional matrix 
has a unique roW and column address for each response 
(index valuel, index value2, response). 
[0005] The identi?cation and/or characteriZation of sig 
ni?cant or useful features in the analysis of indexed data is 
a classic problem. Often this problem is reduced to separat 
ing the desired signal from undesired noise by, for example, 
identifying peaks that may be of interest. For indexed data, 
each of such peaks appears as a deviation, that is to say a rise 
and a fall, in the responses over consecutive indices. HoW 
ever, background noise can also result in such deviations of 
responses leading, for example, to false peaks being 
included in indexed data. 

[0006] Traditionally, peak detection has been based upon 
identifying responses above a threshold value. Whether this 
peak detection has been performed manually or by use of an 
automated tool, threshold selection has been a critical fea 
ture that has resisted an objective solution. Thus such 
previously knoWn methods for threshold selection typically 
require arbitrary and subjective operator/analyst-dependent 
decision-making and are therefore an art. The effectiveness 
of such artful decision making, and as a result peak detec 

Oct. 4, 2001 

tion, using these knoWn traditional methods is also affected 
by signal to noise ratio, signal drift, and variations in the 
baseline signal. Consequently, the operator/ analyst has often 
had to apply several thresholds to the responses over dif 
ferent regions of indices to capture as much signal as 
possible. This has been shoWn to be dif?cult to reproduce, 
suffer from substantial signal loss, and subject to operator/ 
analyst uncertainty. 
[0007] An example of the problems With traditional peak 
detection and characteriZation algorithms and methods is 
illustrated by the development of statistical analysis methods 
for MALDI-MS (matrix-assisted laser desorption/ioniza 
tion—mass spectrometry). The MALDI-MS process begins 
With an analyte of interest placed on a sample plate and 
mixed With a matrix. The matrix is a compound selected to 
absorb speci?c Wavelengths of light that are emitted by a 
selected laser. Light from such laser is then directed at the 
analyte mixture causing the matrix material, selected to 
absorb the light energy, to become ioniZed. This ioniZation 
of the matrix material, in turn ioniZes some molecules of the 
analyte Which become analyte ions 100 (FIG. 1). A charge 
is applied at a detector 104 to attract analyte ions 100 
through a ?ight tube 102 and ultimately to detector 104 
Where detector 104 measures a mass and ionic charge of 
each ion 100 that arrives over a time interval. This number, 
or abundance of ions over time, is converted using mass and 
charge data to an abundance of ions as a function of a 
mass/charge (m/Z) ratio. Since ions 100 arrive at detector 
104 in a disperse packet Which spans multiple sampling 
intervals, ions 100 are binned and counted over several m/Z 
units as illustrated in FIG. 2. Currently used algorithms 
require an operator/analyst to specify a detection threshold 
200 for the intensities observed so that only peaks 202 that 
exceed this speci?ed threshold Will be detected and charac 
teriZed. This procedure for setting the detection threshold 
appears conceptually appealing and suggests that m/Z values 
for Which no ions are present Will read baseline relative 
abundance, While m/Z values for Which ions are present Will 
result in a peak. HoWever, as a result of this procedure peaks 
202 detected for a speci?c analyte are not only dependent on 
the MALDI-MS instrument used but also on the skill of the 
operator/analyst in setting the detection threshold 200 used 
for the analysis. If such a user-de?ned threshold 200 is too 
loW, noise can erroneously be characteriZed as a peak, 
Whereas if threshold 200 is too high, small peaks might be 
erroneously identi?ed as noise. Thus the manual setting of 
detection threshold 200 induces variability that makes accu 
rate statistical characteriZation of MALDI-MS spectra dif 
?cult, such variability decreasing even further the effective 
ness of current peak detection algorithms. Also related to the 
problem of distinguishing signals from noise is the bounding 
uncertainty of the signal. It is Well knoWn that replicate 
analyses of a sample often produce slightly different indexed 
data due to instrument variability and other factors not tied 
to an operator/analyst. 

[0008] Thus, it Would be advantageous, in the art of 
indexed data collection and analysis, for there to be methods 
of processing indexed data that provide greater con?dence in 
identi?cation/characteriZation of feature(s). In addition, it 
Would be advantageous if such methods also provided for 
greater con?dence in separating actual signals from noise 
With less signal loss, and that such methods are robust and 
minimiZe adverse effects of loW signal to noise ratio, signal 
drift, varying baseline signal, boundary uncertainties and 
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combinations thereof. In addition, it Would be advantageous 
for such methods to be applicable to multi-dimensional 
arrays as Well as for characterizing multi-dimensional uncer 
tainty of signals. Finally, it Would be advantageous for such 
methods to provide some or all of the aforementioned 
advantages While providing greater automation than cur 
rently available. 

SUMMARY 

[0009] Methods for identifying features in an indexed 
dataset or spectrum are provided. Whereas prior methods 
focused on comparing responses such as signal intensities to 
a response or signal intensity threshold, embodiments in 
accordance With the present invention combine such 
responses With indices, for example, mass charge (m/Z) ratio 
values. More speci?cally, embodiments of the present inven 
tion considers such signal intensities, or any other measured 
response, as a histogram of indices, and uses this histogram 
concept to construct a measure of dispersion of indices. The 
responses associated With each of the indices are used as 
histogram frequencies in measuring the dispersion of indi 
ces. Comparison of the index dispersion, eg an intensity 
Weighted variance (IWV), to a dispersion critical value or 
critical threshold provides for the identi?cation or determi 
nation of signi?cant or useful feature(s). Thus, some meth 
ods of the present invention encompass, but are not limited 
to: 

[0010] (a) selecting a subset of indices, the subset 
being encompassed by a WindoW-of-interest, the 
subset having at least one beginning index and at 
least one ending index that are usable for computing 
a measure of dispersion; 

[0011] (b) computing a measure of dispersion for the 
subset of indices using a subset of responses corre 
sponding to the subset of indices; and 

[0012] (c) comparing the measure of dispersion to a 
dispersion critical value. 

[0013] In addition, some methods in accordance With the 
present invention encompass, but are not limited to: 

[0014] (a) selecting a subset of indices, the subset 
being encompassed by a WindoW-of-interest, the 
subset having at least one beginning index and an at 
least one ending index that are usable for computing 
an intensity Weighted variance (IWV); 

[0015] (b) computing the intensity Weighted variance 
(IWV) for the subset of indices using a subset of 
responses corresponding to the subset of indices; 

[0016] (c) computing an intensity Weighted covari 
ance (IWCV) for the subset of indices using a subset 
of responses corresponding to the subset of indices; 
and 

[0017] (d) comparing the IWV to a critical value 
determined from the statistical properties of the 
IWV. 

[0018] (e) comparing the IWCV to a critical value 
determined from the statistical properties of the 
IWCV. 

[0019] For MALDI-MS, index values are generally m/Z 
ratios and the responses, corresponding intensities. Each 
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index value represents a speci?c m/Z ratio, and its corre 
sponding intensity measurement represents the relative 
abundance of ions having that speci?c m/Z ratio. Thus a 
MALDI-MS spectrum can be thought of as a histogram of 
m/Z ratios that depicts the relative abundance of each m/Z 
ratio measured. 

[0020] From this histogram concept, features in the spec 
trum can be identi?ed and characteriZed by comparing some 
of the properties of a histogram for any WindoW-of-interest, 
to the corresponding properties for a hypothesiZed noise 
only distribution. In some embodiments of this invention, 
this noise only distribution is used as a criteria for distin 
guishing spectral features or peaks that are due to an actual 
signal, from those spectral features that are due to noise. In 
particular, When no transient feature or actual signal is 
present in a ?rst WindoW-of-interest, the neighborhood 
intensity is relatively constant. 

[0021] In one-dimensional applications, a histogram cre 
ated from the data collected from Within the ?rst WidoW 
of-interest Will essentially be a one-dimensional (l-D) dis 
crete uniform distribution, Which is understood to be a 
histogram Where the intensity of any bin is approximately 
the same for all bins. On the other hand, Where an actual 
signal or transient feature is present Within a second Win 
doW-of-interest, the distribution of intensities across the 
WindoW Will be unequal and a histogram created from the 
data of that second WindoW Will shoW at least one bin With 
an intensity unequal to the other bins. Thus the difference 
betWeen the distribution of intensities or signals from one 
WindoW-of-interest to another are advantageously employed 
to detect the presence of an actual signal or peak Within a 
spectrum or indexed dataset. As mentioned above, for 
MALDI-MS, index values or bins are generally m/Z ratios 
and the responses are generally the corresponding intensi 
ties. HoWever other index values and responses can be used 
to form an indexed dataset or spectrum. For example, some 
spectra that can be evaluated by embodiments in accordance 
With the present invention that encompass an index value 
Which is a physical displacement from a point of origin and 
a response Which represents an intensity at that displace 
ment. In addition, embodiments of the present invention can 
also be employed to evaluate a multi-dimensional spectrum 
or multi-indexed dataset. Thus, as Will be discussed, some 
embodiments are advantageously used to detect and/or char 
acteriZe transient features from datasets that incorporate a 
?rst index value, a second index value and a response. 

[0022] Advantages of embodiments of the present inven 
tion include minimiZing the effects of signal to noise ratio, 
signal drift, varying baseline signal and combinations 
thereof. In addition, such embodiments of the present inven 
tion provide for the automation of transient feature detection 
and data reduction by minimiZing or eliminating the need for 
user selection of a threshold and by automatic, iterative 
scans of the data using WindoWs of interest of varying siZes 
Where a ?rst WindoW siZe is selected based on the resolution 
of the instrument providing the data. 

[0023] Other embodiments in accordance With the present 
invention encompass equipment that is con?gured to per 
form the methods described herein. Thus such embodiments 
include a general purpose computer apparatus having pro 
gram code effective to perform the methods of the present 
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invention. Still other embodiments of the present invention 
encompass analytical instruments con?gured to both collect 
and analyZe data. 

[0024] The subject matter of the present invention is 
particularly pointed out and distinctly claimed in the con 
cluding portion of this speci?cation. HoWever, both the 
organization and method of operation, together With further 
advantages and objects thereof, may best be understood by 
reference to the folloWing description taken in connection 
With accompanying draWings Wherein like reference char 
acters refer to like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is exemplary of time-of-?ight mass spec 
trometry according to the Prior Art, depicting particles of 
different masses being separated While traveling through a 
?ight tube, the particles having different velocities, such 
particles of a given mass are binned as according to the 
sampling interval of the detector. 

[0026] FIG. 2 is exemplary of a MALDI-MS spectrum 
using a Prior Art method of determining a peak detection 
threshold. 

[0027] FIG. 3 is illustrative of the concept of a spectrum 
as a histogram, or sequence of bins containing measuring 
particle counts augmented by measurement uncertainty, in 
accordance With embodiments of the present invention. 

[0028] FIG. 4 depicts a MALDI-MS spectrum of a mix 
ture of microorganisms according to Example 1. 

[0029] FIG. 5 depicts a measure of dispersion and a 
dispersion critical value for the spectrum of FIG. 4. 

[0030] FIG. 6 depicts a graph of transient features iden 
ti?ed employing an embodiment in accordance With the 
present invention. 

[0031] FIG. 7a depicts transient features, from a ?rst 
MALDI-MS run on a bacteriological sample, identi?ed 
employing an embodiment in accordance With the present 
invention. 

[0032] FIG. 7b depicts transient features, from a second 
MALDI-MS run on the same bacteriological sample as used 
for FIG. 7a, identi?ed employing an embodiment in accor 
dance With the present invention. 

[0033] FIG. 7c depicts transient features, from a third 
MALDI-MS run on the same bacteriological sample as used 
for FIG. 7a, identi?ed employing an embodiment in accor 
dance With the present invention. 

[0034] FIG. 8 depicts transient features as a composite 
average of the peaks from FIGS. 7a, 7b, and 7c together 
With uncertainty regions centered at the tops of the vertical 
bars, identi?ed in accordance With embodiments of the 
present invention. 

[0035] FIGS. 9a and 9b are 2-D plan and 3-D surface 
representations, respectively, of an intensity matrix gener 
ated from droplets of a liquid on a glass slide as described 
in Example 3. 

[0036] FIGS. 10a and 10b are 2-D plan and 3-D surface 
representations, respectively, of the transient detector test 
statistic matrix of the intensity matrix of FIGS. 9a and 9b, 
in accordance With embodiments of the present invention. 
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[0037] FIGS. 11a and 11b are 2-D plan and 3-D surface 
representations, respectively, of the transient detector test 
statistics, depicted in FIGS. 10a and 10b, that exceed the 
test critical value as determined in accordance With embodi 
ments of the present invention. 

[0038] FIGS. 12a and 12b are representations of pro?les 
across the 7th roW of the intensity matrix and the test statistic 
matrix, respectively. 

[0039] FIG. 13 is a representation of estimates of the 
locations and siZe of the droplets described in Example 2 as 
derived from the transient detection statistics in accordance 
With embodiments of the present invention. 

DETAILED DESCRIPTION 

[0040] The present invention encompasses methods of 
identifying features in indexed data as Well as equipment 
con?gured to perform such methods. Such indexed data may 
be provided as spectral data obtained from processes includ 
ing but not limited to mass spectrometry (MS); gas chro 
matography (GC); nuclear magnetic resonance (NMR), 
Auger, and/or infrared and RAMAN spectroscopy. The 
present invention also encompasses other forms of data 
including, but not limited to numerical transforms of data 
such as Fourier and Wavelet transforms; time series data 
such as ?nancial stock or bond market time series; acoustic 
transducer or other sensor output; and automobile traf?c 
monitoring or other counting processes. 

[0041] Where the term “index” is used herein, it Will be 
understood to encompass one or more physical parameters 
including but not limited to time, distance, frequency, loca 
tion, an identi?er parameter (for example demographic 
data), index number and combinations thereof. The term 
“indexed data” is understood to include, but is not limited to, 
sets of ordered data Which can be expressed as ordered pairs 
(index, response), or as ordered multiples (indexl, index2, . 
. . , response) from multi-dimensional analyses. Such data is 

derived from analyses including, but not limited to, tWo 
dimensional (2-D) mass spectrometry (MS-MS), 2-D gas 
chromatography (GC-GC), 2-D Fourier transforms, 2-D 
bio-chip micro-arrays, 2-D gels, 3-D nuclear magnetic reso 
nance microscopy and combinations thereof. 

[0042] One useful application of embodiments in accor 
dance With the present invention is the determination or 
identi?cation/characteriZation of spectral peaks Within the 
indexed dataset or spectrum. For such embodiments, peaks 
or actual signals are extracted from background noise in a 
fully automated, objective manner. Thus the number of such 
peaks that may be missed due to a relatively small signal 
intensity or any of the other aforementioned, previously 
knoWn problems is consistent from one data collection to the 
next and can therefore be quanti?ed. 

[0043] In some embodiments in accordance With the 
present invention, peaks are extracted by calculating a 
measure of index dispersion at each index value using a 
moving WindoW method. That is, for each index value in 
turn, a measure of index dispersion is calculated using a 
contiguous subset or WindoW of neighboring indices and 
their corresponding responses. In some embodiments of this 
invention, a measure of index dispersion is calculated for a 
WindoW centered on each index value. HoWever, it is also 
Within the scope of this invention that a measure of index 



US 2001/0027382 A1 

dispersion be calculated for feWer index values. For 
example, in some embodiments only every third or ?fth 
index value is employed. While generally it is advantageous 
that the WindoW be of a siZe of the signal peak, such siZe may 
vary depending on, for example, the properties of the 
features of interest. 

[0044] The term “measure of dispersion” is understood 
herein to encompass a moment estimate Which includes, but 
is not limited to, estimates of variance, covariance, mean 
squared error, skeWness, kurtosis, absolute deviation, 
trimmed or Weighted moments, and combinations thereof. 

[0045] One-Dimensional Applications 

[0046] For one-dimensional applications, the folloWing 
notation is employed. 

[0047] xk, Ik denotes the index value and response, 
respectively, at index k. 

[0048] p, 02 represent the mean and variance, respec 
tively, of the response at index k. 

[0049] Ax denotes the bin Width, or change in index 
value from one point to the next. 

[0050] N refers to the number of index values inside 
a WindoW of interest. 

[0051] x (overline) refers to the average index value 
in some WindoW of interest and corresponds to the 
center index value in the WindoW. 

[0052] sU denotes the theoretical IWV for a uniform 
distribution inside some WindoW of interest. 

[0053] In some embodiments, spectral peaks are recog 
niZed or identi?ed by such measures of dispersion. That is to 
say employing dispersion values that are above or beloW 
(depending upon the reference datum and the measure of 
dispersion chosen) a dispersion critical value. Thus, noise is 
separated from an actual signal since the noise has a dis 
persion that is above the dispersion critical value. In opera 
tion With hundreds to thousands of data points, a peak is 
advantageously identi?ed using a ratio of indexed dispersion 
measures to an expected dispersion measure for a uniform 
distribution. More speci?cally, a peak is determined to be 
Where consecutive ratios fall beloW the dispersion critical 
value, that is a plurality of Weighted measures beloW the 
dispersion critical value. Embodiments in accordance With 
the present invention select the dispersion critical value 
using a variety of methods. Such methods Will be understood 
to include, but not limited to, a priori selection by the user 
as a constant for all datasets, or statistical techniques based 
on characteriZing the dispersion distribution and construct 
ing a critical value for Whether or not a peak is present. 

[0054] Thus in some embodiments of the present inven 
tion, a dispersion critical value or critical threshold is 
determined using the noise levels of the dataset and the 
variation of the dispersion measure over WindoWs Where no 
peaks are present. In particular, the critical value is deter 
mined for each dataset in an automated fashion by ?rst 
characteriZing the variation in dispersion, denoted sD, using 
a robust estimate of the variance of dispersion measures 
across all WindoWs. Such robust estimation is used so that 
the estimated variance of the dispersion Will not be in?u 
enced by transient features. To detect a peak, the dispersion 
critical value is determined to be l-ksD, Where k is a positive 
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number, usually 2.5 or 3. Consecutive ratios of index dis 
persion to dispersion for a uniform distribution that fall 
beloW l-ksD, are determined as containing a peak. This 
approach is insensitive to signal to noise ratio, signal drift, 
varying baseline signal and combinations thereof. 

[0055] In some embodiments in accordance With the 
present invention, spectral peaks are recogniZed or identi?ed 
by determining a critical threshold value using methods that 
evaluate the intensity Weighted variance (IWV) over the 
indexed data or spectrum (a number of WindoWs-of-inter 
est). In such embodiments, IWV is de?ned by Equation 1 as: 

Zmxj-xf (1) 

IsN 

[0056] To specify a critical threshold value, IWV is scaled 
by the variance of a discrete uniform distribution sU2 and 
tested using an exemplary null hypothesis: 

H0: IWVISU2=1. 

[0057] Where 

2 WW2 — 1) (2) 
5U : — 

12 

[0058] In a given WindoW, the null hypothesis is rejected 
if the test statistic computed from scaling Equation 1 by sU2 
falls beloW the critical value for the desired signi?cance 
level of the test. 

[0059] Under HO, the cumulative probability distribution 
of IWV can be derived using Equation 3: 

21,061- -x)2 (3) 

[0060] If the distribution of the intensity values I]- is 
knoWn, the distribution of IWV is found either analytically 
or numerically. For example by assuming, under HO, that Ij; 
j=1, 2, . . . N are independent and identically distributed 

(i.i.d.), normal random variables With mean u and variance 
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[0061] Such an assumption results in Equation 4: 

jsN 

Sal/[712w]- m2 — 5511/55, 012 to. m2 — S5112 /s‘b 
jsN jsN 

[0062] Where N(X,y) refers to the univariate normal dis 
tribution With mean X and variance y. The mean and variance 
in Equation 4 can be simpli?ed by taking: 

jsN 

and 

2 _ 

jsN 

[0063] In this manner, Equation 4 becomes: 

(5) 

[0064] The distribution of IWV is computed directly from 
Equation 5 and the standard normal c.d.f. Finally, a critical 
threshold value for rejecting the null hypothesis H0 is 
computed by setting a desired signi?cance level for the test 
(usually 0.05 or 0.01) and solving Equation 6 for To. 

P{IWV 5 Tc | H0} = a (6) 

: (PT g N(l - Tc) ] 
3(31v2 - 7) 
[m — ZTC + T? 

[0065] Where 4) represents the standard normal probability 
distribution function. This approach is insensitive to signal 
to noise ratio, signal drift, varying baseline signal and 
combinations thereof. 

[0066] TWo-Dimensional Applications 

[0067] The notation for tWo-dimensional applications 
employed here is as folloWs: 

[0068] Xk, yj, Ikj denotes the indeX values and 
response, respectively, at indeX k, j. 

[0069] p, 02 represent the mean and variance, respec 
tively, of the response at indeX k, j. 

[0070] AX, Ay denote the bin Width, or change in 
indeX value X and y, respectively, from one point to 
the neXt. 
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[0071] NX, Ny refer to the number of X and y indeX 
values, respectively, inside a WindoW of interest. 

[0072] X (overline), y (overline) refer to the average 
X and y indeX value, respectively, in some WindoW of 
interest and corresponds to the center indeX values in 
the WindoW. 

[0073] SX, Sy denote the theoretical IWV for a one 
dimensional uniform distribution across indeX X and 
y, respectively, inside some WindoW of interest. 

[0074] Embodiments in accordance With the present 
invention are useful for identifying and/or characteriZing 
peaks from data supplied from a variety of applications that 
provide tWo dimensional data. Once such eXemplary appli 
cation is digital photography, for eXample, using a charge 
coupled (CCD) array. Digital photography begins With light, 
as photons, re?ecting or emanating from the subject or 
scene. The model for digital photography begins With these 
photons and relies upon the statistical concept of a tWo 
dimensional histogram. While there are various Ways in 
Which such a 2-D histogram can be formed, for clarity and 
ease of understanding, the description hereinafter is pro 
vided in terms of a digital camera based on simple charge 
coupled array that is used to form an image of the scene from 
the re?ected light. It Will be understood, hoWever, that the 
embodiments of the present invention are not limited to 
digital photography and apply to any other form of instru 
mentation that produces dual-indeXed data. 

[0075] In a ?rst step, the camera’s aperture is opened for 
a ?Xed time period to eXpose a charge-coupled array to 
photons emanating from the photographed scene. Since each 
of these photons impinges on only one cell Within the array, 
each photon strike is directly related to a location in the 
scene and directly related to a piXel in a corresponding 
digital image of the scene. Thus each cell of the charge 
coupled array is a spatially-de?ned bin Within Which photon 
strikes are detected and counted over the eXposure period. 
The charge-coupled array converts each photon strike into 
an electronic charge. Thus, each cell accumulates, over the 
eXposure period, a total charge from the photons that fall 
upon it. This charge is then transferred, converted into a 
voltage, the voltage ampli?ed, as required, and then digi 
tiZed. As knoWn, each of such digitiZed voltages Will also 
include any of the noise introduced by the above described 
process. 

[0076] It Will be understood then that the method 
described for quantifying the digitiZed voltage for each cell, 
results in a value that is proportional to the number of 
photons received at that cell. In addition, the collection of 
digitiZed voltages of all the cells in the charged-coupled 
array is a tWo-dimensional spectrum or indeXed dataset 
I(X,y). That is to say a spectrum of digitiZed intensities I, one 
for each cell coordinate (X,y) of the charge-coupled array. If 
the array is converted to a digital image of the photographed 
scene, each set of cell coordinates (X,y) correspond to a set 
of piXel coordinates for the digital image. Consequently, a 
charge coupled array produces an image-like observation 
that is a 2-D histogram of scene locations that emitted 
photons. Such a model is readily eXtended to any other 
image-like observation Where the measurements can be 
described as a spatially-indeXed set of intensities. 

[0077] Determination of a critical threshold value for use 
in transient feature detection is performed in a manner 
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analogous to that described above. Thus for a 2-D WindoW 
of-interest Within the 2-D spectrum, Where there is not a 
transient feature present, the measured intensities Within the 
WindoW are relatively constant and vary only because of 
noise. Such intensities resemble a 2-D histogram having a 
2-D discrete uniform distribution; Where the relative inten 
sity measured is roughly the same for all locations Within the 
WindoW. For a WindoW-of-interest Where there is a transient 
feature present in the WindoW, the intensities are not roughly 
the same for all pixels; and the distribution of intensities 
does not resembles a 2-D histogram of 2-D discrete uniform 
distribution. In particular, if the transient feature is a bright 
spot centered in the WindoW, the intensities across the Width 
of that bright spot, or relative photon counts, are relatively 
higher at the center of the WindoW as compared to the 
intensities, or relative photon counts, at the edges. 

[0078] Within this WindoW, the photon locations under an 
uncorrelated 2-D uniform distribution (i.e., no transient 
feature present) Will be randomly distributed about the 
WindoW. In this case, the sample covariance of the photon 
locations Weighted by the pixel intensities, the intensity 
Weighted covariance IWCV, Will be consistent With the 
spherical covariance of an uncorrelated 2-D discrete uniform 
distribution. When a transient feature is present, the sample 
covariance Will no longer be uncorrelated (spherical) nor 
consistent With a 2-D discrete uniform distribution. With this 
in mind, a transient-feature detection method can be devised 
based on the comparison of the intensity-Weighted sample 
covariance of the photon locations to the hypothesiZed 
spherical covariance of an uncorrelated 2-D discrete uniform 
distribution expected When no transient feature is present. In 
particular, the sample covariance matrix IWCV, in one 
arrangement, is de?ned by Equation 7: 

IWCV(WindoW) = (7) 

221w.- —a>2 ZZMWz-WOU-Y) 
l i j i j 

i i 

[0079] Where the summations are over the indices in the 
WindoW and the means x and y are the averages of the x and 
y values in the WindoW, respectively. 

[0080] The expected value of IWCV under the hypothesis 
of no transient feature present is represented, for such 
embodiments, by Equation 8: 

[s3 0 1 (8) E[IWCV(WindoW)] 2: : 

S5 
Axzuvf - 1)/ 12 0 

0 Ay2(Ny2 - 1)/12 

[0081] Here, the number of pixels in the WindoW are 
(Nx’kNy) pixels. 

Oct. 4, 2001 

[0082] Posed as a statistical hypothesis test, We Wish to 
test the null hypothesis 

[0083] As knoWn from multivariate normal theory, the 
likelihood ratio statistic A for testing the null hypothesis is 
the ratio of the determinants of the sample covariance matrix 
and the hypothesiZed covariance matrix. Thus the test is 
based on the ratio expressed by Equation 9: 

A=determinant(IWCV)/determinant(E[1WCV]) (9) 
[0084] As before, the null hypothesis is rejected if the test 
statistic is less than the critical value, for example the critical 
value determined from the IWV and, accepted if it is more 
than such value. 

[0085] Where a distribution of the intensity values Iij is 
knoWn, the distribution of A is evaluated. Where the inten 
sities of the spectrum are independent and identically dis 
tributed Normal random variables With a mean u and a 
variance ()2, A is approximately distributed as a Normal 
random variable: 

[0086] folloWs from a standard propagation of errors. 
Where the desired signi?cance level is 95%, the critical 
threshold is given by Equation 10: 

0 
Acritical = 1 — 1-645— 

p‘, NXNy 

[0087] and a transient feature is identi?ed in a WindoW 
of-interest When A<Acmicap 

[0088] It Will be understood, that transient feature detec 
tion proceeds by selecting a siZe for any WindoW-of-interest 
that is approximately the dimensions of the transient feature, 
and performing the hypothesis test described above for 
successive WindoWs that span the entire spectrum. While it 
is found that transient feature detection performance is 
optimal When the WindoW siZe selected is betWeen 1.25 and 
1.5 times the siZe of a typical transient feature, such optimal 
performance can be enhanced When the signal to noise ratio 
is loW by performing several iterations through the spectrum 
With varying WindoW siZes ranging from about the siZe of 
the smallest transient feature to the siZe of a broad transient 
feature. Generally it has been found advantageous in the 
analysis of data from such sources as MALD-MS, Raman 
and NMR spectroscopy to perform multiple iterations of the 
scanning, each iteration having a different WindoW siZe. For 
example, Where a ?rst WindoW of interest, at the beginning 
of the data, is selected to have a ?rst Width that is betWeen 
1.25 and 1.5 times the siZe of an expected typical transient 
feature, the entirety of the data is scanned employing that 
?rst WindoW of interest. A second scan or iteration Would 
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then be preformed employing a second WindoW of interest 
having a second Width that determined by either dividing or 
multiplying the ?rst Width by a constant factor. It has been 
found advantageous to several iterations Where there are a 
number of WindoW siZes greater than the ?rst WindoW siZe 
and a number of WindoW siZes smaller that the ?rst WindoW 
siZe. For example, scans of the data employing one, tWo or 
three both smaller and larger WindoW siZes Would result in 
three, ?ve and seven iterations. For each scan of the data, an 
apparatus, such as a general purpose computer, is used to 
perform the calculations described hereinbeloW to detect the 
presence of transient features. It Will be understood that the 
selection of the ?rst WindoW siZe is generally a function of 
the measurement instruments resolution, thus a value rep 
resentative of that resolution Would generally be thought of 
as the expected typical transient feature siZe. Thus selection 
of this ?rst siZe is objectively made. In other embodiments 
of the present invention, other methods are used to deter 
mine the siZe of the ?rst WindoW of interest. For example, in 
some embodiments in accordance With the present invention 
the ?rst Width is set at the Width of a representative feature 
at half height of that feature. 

[0089] As one skilled in the art Will understand, the 
present invention is not limited to detection and character 
iZation of features using a variance estimate IVW or a 
covariance estimate IWCV as given in Equations 1 and 7, 
respectively. In particular, robust measures of covariance 
may be used. In addition, other characteristics for features of 
interest may be used to detect features including but not 
limited to the centroid, and third or higher moments, or 
robust estimates of the same. The folloWing Examples are 
helpful in illustrating embodiments in accordance With the 
present invention. 

EXAMPLE 1 

[0090] An experiment Was conducted to demonstrate the 
utility of the present invention. FIG. 4 displays a raW 
MALDI mass spectrum for a mixture of Bacillus. cereus and 
Pantoea agglomerans. FIG. 5 displays the measure of index 
dispersion for all WindoWs over the entire spectrum. The 
straight line at approximately 0.98 represents the dispersion 
critical threshold. Any plurality of measures of index dis 
persion that drop beloW this threshold represent an area 
Where a peak, or transient feature is identi?ed. Thus, FIG. 
6 displays the transient features selected by this algorithm, 
Where peak height Was estimated as the area under the peak 
and peak location Was estimated using the trimmed mean. 
Such estimates being determined using any of the Well 
knoWn methods for such a purpose. 

[0091] Replicate Data Sets 

[0092] Embodiments in accordance With the present 
invention are especially useful for analyZing at least tWo 
replicate data sets for a sample. From replicate data sets are 
obtained (1) an estimate of expected value of the response 
and (2) an estimate of expected value of the index. Uncer 
tainty or variance of the data from the at least tWo replicates 
for both the index value and the measured response are also 
obtained. Displaying the estimate of expected value and the 
estimate of uncertainty together greatly facilitates the ana 
lyst’s understanding of the replicate data and relationships 
therebetWeen. 

[0093] In particular, a vertical bar of length corresponding 
to the expected value of the response is placed at each 
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expected value of the index corresponding to the response. 
In addition, an uncertainty region centered at the top of each 
vertical bar represents the joint uncertainty in the estimated 
peak location and height. For each peak, the siZe and shape 
of the uncertainty region depends on the underlying stochas 
tic nature of the spectra being visualiZed and the intended 
usage of the resulting plot. The display resembles a collec 
tion of irregularly-spaced and various siZed lollipops stand 
ing on end along the horiZontal axis of the display. 

[0094] Some embodiments in accordance With the present 
invention use an average of the replicates, and uncertainty 
regions that enclose a majority of variation in the replicate 
spectra. More speci?cally, the uncertainty region for each 
spectral peak is may be constructed independently and may 
envelope up to 95% of the peak location and height derived 
from the standard deviation of the replicate peak heights and 
locations, and assuming normality. Therefore, by examining 
the siZe of the uncertainty regions, an analyst can visualiZe 
hoW much the replicates vary from one to the next, an 
important consideration in determining reproducibility. 

[0095] It Will be understood by those of skill in the art that 
different statistical estimates of uncertainty may be used. In 
particular, rather than visualiZing the 95% variation region 
of peak heights and locations, con?dence intervals may be 
used to visualiZe the accuracy of the estimated peak heights 
and locations. The uncertainty intervals may take peak 
height and location into account independently, or a joint 
uncertainty region incorporating both may be used. Statis 
tical correlation betWeen peak height and location may be 
incorporated into the uncertainty intervals. Finally, the 
uncertainty in the presence of the replicate peaks may be 
visualiZed by displaying, at the base of each peak, the 
fraction of replicates Where the peak appeared. 

EXAMPLE 2 

[0096] Peaks, or transient features, Were identi?ed in three 
replicate MALDI mass spectra of Bacillus cereus according 
to the procedure of Example 1 and are displayed in FIGS. 
7a, 7b and 7c. The relative peak heights (responses) and 
locations (indices) for replicate peaks betWeen 6000-7000 
m/Z units are averaged and plotted in FIG. 8. In addition, 
using the assumption that peaks heights and locations are 
independent and normally distributed, a 95 % variation inter 
val for peak height and location is estimated using a t-dis 
tribution and the standard deviation of each peak’s relative 
height and location. The uncertainty region is then displayed 
as a rectangle centered a top of its respective peak estimate. 
The peak estimates of 95% of all replicates collected under 
similar conditions are expected to appear Within the uncer 
tainty region. 

EXAMPLE 3 

[0097] Referring noW to FIGS. 9a through 13, the location 
and extent of ?ve liquid droplets positioned on a glass slide 
are measured in a non-invasive manner using a charge 
coupled device (CCD) digital camera in a manner in accor 
dance With embodiments of the present invention. It Will be 
understood that these Figures of droplets are presented as 
being representative of any 2-D indexed dataset or spectrum 
that is generated by any appropriate instrument, as previ 
ously described, and thus does not limit the instant invention 
in any manner. 
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[0098] As depicted in FIGS. 9a and 9b, an intensity 
matrix or image of the droplets is depicted in both 2-D plan 
and 3-D surface representations. A CCD camera imaged the 
scene and produced an intensity data matrix, or a set of 
intensity values Wherein each intensity I is indexed by both 
roW r and column c positions:{I(r,c)}. Thus, each position, 
r,c, in the matrix corresponds directly to a cell in the CCD 
array and hence a location on the glass slide. 

[0099] It has been found advantageous to consider each 
position, r,c, associated With a droplet, as constituting a 
neighborhood of such positions on the slide, and a corre 
sponding neighborhood on the CCD array and in the inten 
sity matrix. Thus in FIG. 9a, for example, it Will be 
understood that more light (photons), is re?ected from 
positions of each droplet on the glass slide than by positions 
of the slide itself that are not covered by a droplet. Hence, 
the spatial distribution of photons across the CCD array and 
the spatial distribution of intensities across the intensity 
matrix are larger in droplet neighborhoods than in any 
surrounding regions. In FIG. 9a, for example, the neigh 
borhood of intensities corresponding to each droplet appears 
as bright spots in the image of the matrix Whether vieWed in 
a 2-D plan representation or a 3-D surface representation. 

[0100] As it Will be seen beloW, each droplet may be 
considered a transient feature, and the glass slide the back 
ground against Which such transient features are detected. 
Hence, a portion of each corresponding neighborhood dis 
tribution of higher intensities in the matrix, the bright spots 
in for example FIG. 9a or each peak on the surface 
represented in FIG. 9b, are transient features. 

[0101] First, the transient detector test statistic (Equation 
9) Was calculated for each cell in the CCD matrix, or 
equivalently, each pixel in the image using an M><N moving 
WindoW (in this example, a 9x9 pixel moving WindoW). The 
resulting matrix of test statistics Was visualiZed via the 2-D 
plan representation and 3-D surface representation depicted 
in FIGS. 10a and 10b. Next, each test statistic Was com 
pared to the critical value (Equation 10), determined in a 
manner previously described. Each position, r,c, Whose test 
statistic Was less than the critical value Was determined to 
belong to the transient feature, in this case, a droplet 
neighborhood. FIGS. 11a and 11b shoW the test statistics 
that are less than the critical value With those exceeding the 
critical value set to that critical value. 

[0102] Next, a transect of the tWo-dimensional transient 
feature detection test statistic (Equation 9) Was extracted for 
comparison With the one-dimensional transient feature 
detection case. FIGS. 12a and 12b demonstrate the simi 
larity betWeen the one-dimensional and tWo-dimensional 
algorithms. Finally, estimates of the location and extent of 
the droplets on the glass slide Were determined and denoted 
by the plus symbols and contour lines of FIG. 13. 

[0103] It Will be also understood that embodiments, such 
as the exemplary embodiment of Example 3, in accordance 
With the present invention, are especially useful for analyZ 
ing tWo or more replicate data sets for a sample. Thus in a 
manner analogous to that described above in Example 2, 
replicate data sets or spectrum, {I1(r,c)}, {I2(r,c)}, . . . 

{In(r,c)}, are readily analyZed. 

[0104] Embodiments in accordance With the present 
invention also encompass equipment con?gured to perform 
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the methods described herein. For example, in some 
embodiments of the present invention, the algorithms of 
such described methods are evaluated using a general pur 
pose computer apparatus having program code effective to 
perform such an analysis. In other exemplary embodiments, 
evaluation of data employing methods in accordance With 
the present invention are performed using any of the one or 
more analytical instruments that can used to collect the data. 
For such latter embodiments, such analytical instruments 
can have program code, to effect evaluations of the algo 
rithms “hard coded”, alternately referred to as “?rmware,” 
or as softWare much in the same manner as the aforemen 

tioned general purpose computer apparatus (“hard coded” is 
understood to mean program code implemented through 
hardWare, i.e. PROMS, or as part of the instrument’s basic 
operating system functions in a manner analogous to the 
instrument’s data measurement functions). Embodiments of 
the present invention also include computer encoded instruc 
tions required to effect methods of in accordance With the 
present invention on a general purpose computing apparatus 
as Well as such instructions formulated for any of the speci?c 
instruments discussed herein. It Will be understood, that such 
computer encoded instructions are Within the scope and 
spirit of the present invention regardless of the manner in 
Which such instructions are stored or provided to a device 
capable of using such instructions. Thus, for example, such 
instructions stored on portable storage media or ?xed stor 
age media as Well as such instructions provided in “hard 
coded” form are Within the scope and spirit of the present 
invention. 

[0105] Where embodiments in accordance With the 
present invention encompass an analytical instrument for 
measuring a characteristic of a sample, generating indexed 
data therefrom and evaluating such indexed data, such 
instrument is typically con?gured having at least tWo mea 
surement devices. Such measuring devices are employed to 
generate raW data, i.e. as described in Example 3, an 
intensity (number of photons) is provided from a ?rst 
measuring device and a position or location is provided from 
a second measuring device. Once such raW data is provided, 
generally such an instrument Will encompass a data man 
agement device con?gured to receive the raW data from the 
measurement devices and convert such raW data into a set of 
indexed data. While some embodiments Will provide a 
separate module or device for such a management function, 
it Will be understood that other embodiments Will provide 
this function by using softWare code that is implemented in 
a computing device. Instrument embodiments of the present 
invention Will also encompass an evaluation device con?g 
ured to select a subset of indices from the indexed data and 
compute an intensity Weighted measure of dispersion for the 
selected subset of indices using a subset of responses 
corresponding to the subset of indices and to compare such 
an intensity Weighted measure of dispersion to a dispersion 
critical value. The dispersion critical value determined using 
an expected value of the intensity Weighted measure of 
dispersion Where a null hypothesis of no transient feature 
present is accepted. In addition, such embodiments of the 
present invention can include an apparatus or device for 
displaying and/or storing the results of the data evaluation. 
Such display and/or storage device(s) being any of the 
knoWn devices used for such purposes. 

[0106] While exemplary embodiments in accordance With 
the present invention are shoWn and described herein, it Will 
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be apparent to those skilled in the art that changes and/or 
modi?cations to such embodiments are possible Without 
departing from the invention in its broader aspects. Thus, 
such changes and/or modi?cations that are a result of the 
teachings of the present invention are Within the scope and 
spirit of the present invention. The appended claims are 
therefore intended to cover all such changes and modi?ca 
tions that are Within the scope and spirit of such exemplary 
embodiments. 

1. A method of identifying a feature in an indexed dataset, 
comprising: 

selecting an initial subset of indices, the initial subset of 
indices being encompassed by an initial WindoW-of 
interest and comprising at least one beginning index 
and at least one ending index; 

computing an intensity Weighted measure of dispersion 
for the subset of indices using a subset of responses 
corresponding to the subset of indices; and 

comparing the intensity Weighted measure of dispersion 
to a dispersion critical value determined from an 
expected value of the intensity Weighted measure of 
dispersion under a null hypothesis of no transient 
feature present. 

2. The method of claim 1, Wherein the intensity Weighted 
measure of dispersion is an intensity Weighted variance. 

3. The method of claim 1, Wherein the beginning index 
and the ending index are advanced at least one index for 
computing a second intensity Weighted measure of disper 
sion. 

4. The method of claim 3, Wherein the dispersion critical 
value exceeds a background level of dispersion. 

5. The method of claim 4, Wherein noise is identi?ed as 
data corresponding to a ?rst Weighted measure above the 
dispersion critical value and a signal is identi?ed as data 
corresponding to a second Weighted measure beloW the 
dispersion critical value. 

6. The method of claim 5, Wherein the second Weighted 
measure is a plurality of Weighted measures having con 
secutive indices. 

7. The method of claim 1 further comprising selecting, 
computing and comparing for at least tWo replicate data sets 
for a sample. 

8. The method of claim 7, further comprising, obtaining 
an estimate of expected value and an estimate of uncertainty 
of the data from the at least tWo replicate data sets, for both 
the indices and the responses corresponding thereto. 

9. The method of claim 8, further comprising displaying 
the estimate of expected value and the estimate of uncer 
tainty together. 

10. The method of claim 1, Wherein the data from the 
indexed dataset is selected from the group consisting of 
spectral data, chromatographic data, time series data, and 
combinations thereof. 

11. The method of claim 1, further comprising computing 
a Weighted statistic of an index of the indexed dataset, the 
Weighted statistic useful for characteriZing the feature. 

12. The method of claim 11, Wherein the computing of the 
Weighted statistic employs iteratively scanning the data, 
individual scans using a differently siZed WindoW-of-inter 
est. 

13. The method of claim 12, Wherein three, ?ve or seven 
scans are employed in iteratively scanning the data. 
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14. The method of claim 12, Wherein a siZe of the initial 
WindoW of interest is determined from the resolution of a 
measurement system used to generate the data. 

15. The method of claim 1 further comprising reporting at 
least tWo replicate data sets, individual ones of the at least 
tWo replicate data sets having a subset of indices corre 
sponding to a subset of responses, comprising: 

obtaining a ?rst estimate of expected value and an second 
estimate of uncertainty of data, the ?rst and second 
estimates being obtained from individual ones of the at 
least tWo replicate data sets and the ?rst and second 
estimates being for both the indices and the responses 
of each replicate data set; 

displaying the expected value of each of the responses as 
a vertical bar located at an expected value of each of the 
indices; and 

displaying an uncertainty region centered at a top of the 
vertical bar. 

16. The method of claim 1, Wherein selecting the subset 
of indices further comprises: 

selecting another subset of indices, the another subset 
encompassed by the WindoW-of-interest and having at 
least one beginning index and an at least one ending 

index; 

computing an intensity Weighted variance (IWV) for at 
least one of the initial and another subset of indices 
using a subset of responses corresponding to each 
subset of indices; and 

comparing the IWV to a critical value determined from an 
expected value of IWV under a null hypothesis of no 
transient feature present. 

17. The method of claim 16, further comprising: 

continuing to select subsets of indices encompassed by 
the WindoW-of-interest and having at least one begin 
ning index and an at least one ending index until 
essentially all of the subsets of indices encompassed by 
the WindoW-of-interest are selected; and 

continuing to compute an intensity Weighted variance 
(IWV) for the selected subset of indices using a subset 
of responses corresponding to individual ones of the 
subset of indices; and continuing to compare the IWV 
to a critical value determined from the expected value 
of IWV under a null hypothesis of no transient feature 
present. 

18. The method of claim 1, Wherein selecting a subset of 
indices further comprises: 

selecting another subset of indices, the second subset 
encompassed by the WindoW-of-interest and having at 
least one beginning index and an at least one ending 

index; 

computing an intensity Weighted covariance (IWCV) for 
at least one of the ?rst and second subset of indices 
using a subset of responses corresponding to individual 
ones of the subset of indices; and 

comparing the IWCV to a critical value determined from 
an expected value of IWCV under a null hypothesis of 
no transient feature present. 
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19. The method of claim 18, further comprising: 

continuing to select subsets of indices encompassed by 
the WindoW-of-interest and having at least one begin 
ning index and an at least one ending index until 
essentially all of the subsets of indices encompassed by 
the WindoW-of-interest are selected; and 

continuing to compute an intensity Weighted covariance 
(IWCV) for the selected subset of indices using a 
subset of responses corresponding to individual ones of 
the subset of indices; and continuing to compare the 
IWCV to a critical value determined from the expected 
value of IWCV under a null hypothesis of no transient 
feature present. 

20. Amethod of identifying a transient feature in a dataset 
comprising indexed data: 

selecting at least one subset of indices, the at least one 
subset being encompassed by a WindoW-of-interest, 
each subset having at least one beginning index and an 
at least one ending index; 

computing at least one intensity Weighted variance (IWV) 
for at least one of the at least one subset of indices using 
a subset of responses corresponding to the at least one 
subset of indices; or computing an intensity Weighted 
covariance (IWCV) for at least one of the at least one 
subset of indices using a subset of responses corre 
sponding to the at least one subset of indices; and 

comparing the IWV or the IWCV to a critical value 
determined from an expected value of IWV or IWCV 
under a null hypothesis of no transient feature present. 

21. The method of claim 20 Wherein computing the 
intensity Weighted variance comprises computing the IWV 
employing the folloWing relationship: 

IsN 
IWV: i, 

21] 
IsN 

Where Xi and 11- are the index value and response, respec 
tively, at index j, and N is the number of index values. 

22. The method of claim 20 Wherein computing an 
intensity Weighted covariance comprises computing an 
expected value of the IWCV employing the folloWing rela 
tionship: 
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s3 0 E[IWCV(WindoW)] :: [ ] 

Where SX and Sy are the theoretical IWV for a 1-D uniform 
distribution across indices x and y, respectively, and NX and 
Ny are the number of index values. 

23. An instrument for measuring a characteristic of a 
sample, generating indexed data therefrom and evaluating 
such indexed data, comprising: 

a data management device con?gured to receive raW data 
from measurement devices and convert such raW data 
into a set of indexed data; and 

an evaluation device, the evaluation device con?gured to: 

select a subset of indices from the indexed data, the 
subset of indices encompassed by a WindoW-of 
interest and having at least one beginning index and 
at least one ending index; 

compute an intensity Weighted measure of dispersion 
for the selected subset of indices using a subset of 
responses corresponding to the subset of indices; and 

compare the intensity Weighted measure of dispersion 
to a dispersion critical value Which using an expected 
value of the intensity Weighted measure of dispersion 
under the null hypothesis of no transient feature 
present. 

24. The instrument of claim 23, Wherein the instrument is 
con?gured to generate indexed data selected from the group 
consisting of spectral data, chromatographic data, time 
series data and combinations thereof. 

25. The instrument of claim 23, Wherein the instrument 
further comprises a program code storage device, the storage 
device con?gured to store program code comprising instruc 
tions for use Within the evaluation device. 

26. Computer storage media, comprising computer 
encoded instructions, such instructions being readable by a 
general purpose computer for selecting from indexed data, 
an initial subset of indices, the initial subset of indices being 
encompassed by an initial WindoW-of-interest and compris 
ing at least one beginning index and at least one ending 
index; computing an intensity Weighted measure of disper 
sion for the subset of indices using a subset of responses 
corresponding to the subset of indices; and comparing the 
intensity Weighted measure of dispersion to a dispersion 
critical value determined from an expected value of the 
intensity Weighted measure of dispersion under a null 
hypothesis of no transient feature present. 

* * * * * 


