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ENHANCING FLOW CYTOMETRY cytometer may have a specialized orienting nozzle that can 
DISCRIMINATION WITH GEOMETRIC use a hydrodynamic effect to orientate the cells to a reason 

TRANSFORMATION able degree . 
A bivariate histogram may be collected , the parameters 

5 may be a forward and side angle fluorescence . A population Matter enclosed in heavy brackets [ ] appears in the may show the effect of orientation . A slight separation of two original patent but forms no part of this reissue specifica populations may make a drawing of a closed contour around tion ; matter printed in italics indicates the additions each population difficult . A contour may be needed to made by reissue ; a claim printed with strikethrough establish a region that can be exclusively sorted . indicates that the claim was canceled , disclaimed , or held 10 
invalid by a prior post - patent action or proceeding . DISCLOSURE OF THE INVENTION 

CROSS - REFERENCES TO RELATED Accordingly , it is desirable to provide enhanced discrimi 
APPLICATIONS nation between particles during flow cytometry . An object of 

the present invention , in embodiments , may include apply This application is the United States National Stage of ing mathematical operations to data to allow enhanced 
International Application PCT / US2005 / 026673 , filed 27 Jul . discrimination between populations . discrimination between 
2005 , which claims the benefit of the filing date of and right Another object of the invention in embodiments may 
of priority to U . S . Provisional Application No . 60 / 591 , 957 , l , 20 include performing a geometric perhaps 2 - dimensional filed 27 Jul . 2004 , both such applications hereby incorpo - - transformation of flow cytometry data so that particles can 
rated by reference in their entirety . be sorted . 

It may be another object of the present invention to TECHNICAL FIELD provide in embodiments an alteration of flow cytometry data 
25 in order to distinguish particles between populations . This The present invention includes in embodiments apparatus may include rotational alterations , translation alterations , and methods for real - time discrimination of particles while scaling alterations and the like in various embodiments . being sorted by flow cytometry . Specifically , embodiments Naturally , further objects , goals and embodiments of the of the invention may include application of various math inventions are disclosed throughout other areas of the speci ematical operations to manipulate data in real - time resulting 30 fication and claim resulting 30 fication and claims . in enhanced discrimination between populations of particles . 

BRIEF DESCRIPTION OF THE DRAWINGS BACKGROUND 
FIG . 1 is an illustration of a sort overview in accordance One of the most important developments over the last few 35 35 with some embodiments of the present invention . years has been the application of high speed jet - in - air sorters FIG . 2 illustrates forward and side light detection systems to discriminate particles and cells that are only subtly in accordance with some embodiments of the present inven different . As but one example , flow cytometry can be used tion . to separate X from Y bearing sperm . While it is in this FIG . 3 is an example of a histogram of sperm sorting data context that some properties are discussed , it should be 40 prior to rotation . understood that this is only one example of a broad range of FIG . 4 is an example of a histogram of sperm sorting data applications . Sperm sorting has been applied now to cattle , after scaling . horses and pigs and may be used with various other animals . FIG . 5 is an example of a histogram of sperm sorting data In this one application , the intent may be to obtain viable and 145 after rotation . motile sperm from semen or perhaps even be to guaranteed FIG . 6 is an example of a histogram of sperm sorting data the sex of off - spring that are created when a sexed sperm after scaling and rotation . may be inseminated into a female of a species . The require FIG . 7 is a conceptual depiction of a system for analyzing ment may be to improve animal husbandry . For example , in detected signal data in one embodiment . cattle where dairy is the main product , females may be so 

preferred or even in beef , the male may be the desirable MODE ( S ) FOR CARRYING OUT THE 
selection . INVENTION 

Subtle differences can even be quantitative , for example , 
sperm may not express surface antigens that are indicators of The present invention includes a variety of aspects , which 
the presence of X or Y chromosomes . However , X bearing 55 may be combined in different ways . The following descrip 
sperm may have a larger mass of genetic material . A dye , tions are provided to list elements and describe some of the 
such as Hoechst , may have the property of binding to DNA . embodiments of the present invention . These elements are 
As a consequence , light emitted by X bearing sperm , when listed with initial embodiments , however it should be under 
ignited by ultra - violet laser , may be slightly brighter and this stood that they may be combined in any manner and in any 
can be used as a discrimination to sort and separate the 60 number to create additional embodiments . The variously 
sperm . described examples and preferred embodiments should not 

Subtle differences can also be due to flow cytometer be construed to limit the present invention to only the 
geometries as well . In the sperm example , mammalian explicitly described systems , techniques , and applications . 
sperm are generally paddle shaped and when they pass Further , this description should be understood to support and 
through a flow cytometer they can have a random orienta - 65 encompass descriptions and claims of all the various 
tion . This orientation may obscure the differential light embodiments , systems , techniques , methods , devices , and 
coming from the X and Y bearing cells . Consequently , a applications with any number of the disclosed elements , 
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with each element alone , and also with any and all various when plotted , the n - dimensional parameter data correspond 
permutations and combinations of all elements in this or any ing to the signals , may place data points very close together . 
subsequent application . These may be so close that it may be difficult to categorize 

Embodiments of the invention may include various meth the data points into a population . Conventional technologies 
ods , apparatus , systems and the like to distinguish particles 5 may have disregarded these points that are so close together 
during flow cytometry . A fluid stream ( 1 ) may be established and may have decided to throw out that particle because it 
in a flow cytometer in which particles ( 2 ) may be entrained . could not have been distinguished . It may be desirable in 
In an embodiment , particles may be sperm ; however other embodiments to reconfigure data to enhance separation 
kinds of particles are certainly possible and all are meant to between data points . 
be included in this disclosure . Particles may be coupled with 10 Embodiments may include distinguishing at least two 
a light emitting element , for example one embodiment may populations ( 8 ) of n - dimensional parameter data . A popula 
include a Hoechst dye . Each individual particle may emit a tion differentiation element may include a geometric trans 
first signal and perhaps even at least one additional signal formation and may allow n - dimensional parameter data to 
A detector ( 42 ) may be placed so as to detect signals from be categorized into one of at least two populations . For 
the particles as can be understood from FIGS . 1 and 2 . In 15 example , a sperm may be categorized into a X - bearing 
embodiments , a first signal detector may detect a first signal sperm population and a Y - bearing population . A geometric 
affiliated with an individual particle and perhaps even at two - dimensional transformation may be performed on flow 
least one additional signal detector may detect at least one cytometry data such that particles or even cells may be 
additional signal affiliated with an individual particle . This sorted into separate vials based on an appropriate property . 
may include any kind of signal that may be in association , 20 In the sperm example , one vial containing cells for male and 
perhaps even close association with an individual particle one vial containing cells for female . A transformation may 
such as but not limited to fluorescence , radiance , and the include a matrix dot product of various translation , scale , 
like . and perhaps even rotation operations for discriminating male 

As an example , FIGS . 1 and 2 represent a flow cytometry determining from female determining cells and may even 
sort overview . A nozzle ( 32 ) may allow particles ( 2 ) 25 maintain proper cell type identification during signal drift 
entrained in a fluid stream ( 1 ) to move through a laser beam over time . The transformations may be combined into a 
( 34 ) at an interrogation point ( 33 ) . A signal detector ( 42 ) single transformation matrix so that the calculations can be 
such as a forward scatter detector ( 30 ) and perhaps even a performed within the available signal processing time such 
side scatter collection objective ( 31 ) may be placed appro - as with a Digital Signal Processor . 
priately to collect signals affiliated to a particle . It may also 30 In embodiments , the present invention may include real 
be desirable to provide primary laser focusing optics ( 43 ) . In time classifying n - dimensional parameter data of each of the 
embodiments , signals may include fluorescence emitted individual particles into one of at least two populations . A 
from a light emitting particle coupled with individual par - real - time classification element may include classifying sig 
ticles after passing through a laser beam . Signals emitted nal data into a population , making a sort decision , and 
from a particle may be passed through optics and perhaps 35 sorting a particle all within the small amount of time it takes 
even a pinhole strip ( 44 ) to assist in collection of data . A for the particle to move through a flow cytometer . Accord 
signal detector may be connected to a system , as discussed ingly , the present invention may provide in embodiments , 
hereafter , in which signal data indicative of the signals may sorting individual particles based upon a real - time classifi 
be processed and analyzed in order to determine a sort cation . 
decision . Computers , computer programming , hardware , 40 The present invention may provide in embodiments , 
software and the like may assist in a sort decision . While a visually distinguishing at least two populations of n - dimen 
sort decision is being determined , particles may pass sional parameter data . This may assist a user to ensure that 
through a drop delay ( 35 ) . This time frame may be very a sorting may be running properly . This may also allow for 
short . After a sort decision may have been made , a pulse of user input to assist in discrimination between populations . 
charge ( 37 ) may be applied to a droplet ( 23 ) containing a 45 Embodiments may include graphically placing n - dimen 
particle . Droplets may pass through charged deflection sional parameter data for each of the individual particles in 
plates ( 38 ) in order to sort particles into a desired sort relation to at least two populations . For example , it may be 
receptacle ( 40 ) having containers . A waste collection tube desirable to plot n - parameter data in a Cartesian coordinate 
( 39 ) may be included in embodiments . system . A first signal may be plotted on one axis ( 14 ) and at 

In order to distinguish particles , signal data may be 50 least one additional signal may be plotted on at least one 
analyzed . Embodiments may include converting signals additional axis ( 15 ) , as can be seen in FIG . 3 . In yet other 
( e . g . a first signal and at least one additional signal ) affiliated embodiments , a histogram ( 17 ) of the n - dimensional param 
with each individual particle into n - dimensional parameter eter data may be provided . 
data . This may be done with a signal processor responsive to Certain particles or cells may exhibit signals that can 
the signals . A signal processor may provide a conversion of 55 show enhanced differences by translation or scaling effects . 
a first signal and at least one additional signal into n - dimen - For example , a male determining and female determining 
sional parameter data . N - dimensional parameter data may sperm cell may not be discriminated from each other using 
include one - dimensional or perhaps even multi - dimensional a typical unaltered light signal detected by a flow cytometer . 
( 2 - D , 3 - D , 4 - D , etc . ) data which can be associated with each Although a digitized signal may have 12 bits of resolution , 
signal detected . Signal data may be converted to relate each 60 a sorting electronics may have 8 bits of resolution possibly 
signal with a coordinate , such as an intensity of a color , and discarding the lower 4 bits . A detected light from male 
the like and may even be plotted in a Cartesian coordinate determining and female determining sperm cells may be so 
system . similar that the lower 4 bits may be required to discriminate 

Signals , perhaps even n - dimensional data , may be plotted between them . Likewise , due to their similarity , the cells 
on a graph ( 13 ) . Since differences between particles may 65 may not effectively be discriminated in histogram data 
vary slightly , signals affiliated with the particles may also analysis of the detected parameters possibly because histo 
vary slightly . This slight difference may be so small that grams may also degrade resolution . 
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Particles or sperm cells may occupy a small area of a To eliminate the overlap in this particular example , the 
histogram ( 17 ) . The variation of detected signals of cells or invention may consider a shape of the signal distribution in 
particles , perhaps such as male determining sperm cells with two - dimensional analysis where signals from perhaps both 
respect to female determining sperm cells may be small ; as light sources may be correlated in a two - dimensional Car 
may be the variation within cell or particles of the same type . 5 tesian coordinate system . Graphically , each of the popula 
The total range of variation for both types of cells or tions such as cell types may have an elliptical shaped 
particles may span less than half the total available range . population ( 18 ) with similar non - orthogonal angles of incli 
Therefore , the lower bits of resolution may be important for nation of a major axis and may even have a similar length discriminating between the cells or particles and perhaps of a minor axis . The difference in Y - intercept of the ellipse even the upper bits may not be necessary to identify both 10 major axis for one cell type to the other type may be greater types of cells or particles . The invention may exploit this than the length of the minor axis . Since the major axes may characteristic , in embodiments , by translating a center of the be nearly parallel , it may be desirable to orient the elliptical total range of signal variation for both types of cells or shaped populations orthogonal to at least one axis . A rotation particles to an origin of a Cartesian coordinate system , 
scaling the data about the origin effectively increasing the 15 about a mid - point between the two major axes may orient 
variance between types , then translating back to its original each ellipse orthogonal to the Y - axis possibly effectively 
location . As a result , histogram data may show sufficient eliminating the Y - axis overlap . 
variation for discriminating between two types of cells or Signals such as perhaps light intensity may vary with 
particles while even preserving enough information to iden - time , which may preclude the setting of fixed regions by 
tify both types from instrument noise , dead or destroyed 20 which sort decisions may be based . During a long sort , 
cells , other foreign particles , and the like . This has particular populations may drift due to physical changes to the detec 
applicability for sperm cell sex discrimination . tors , absorption or degradation of dye , and even other 

N - dimensional parameter data may be combined , in uncontrollable conditions . Consequently , sort regions may 
embodiments , to mathematically achieve numerical results need to be monitored and adjusted during the sort . This may 
representative of an alteration . An alteration calculation may 25 be tedious , labor intensive and even prone to error . 
include any kind of manipulation of data . For example , One embodiment of the present invention may hold a 
embodiments may provide manipulating n - dimensional population in its original location by employing a scale 
parameter data mathematically to achieve a desired result . operation in the transformation matrix . One possible scale 
This may include a rotational alteration perhaps with a factor could be a ratio of an initial mean value of the signal 
rotational alteration calculation applied to n - dimensional 30 range with respect to the current mean ; which may effec 
parameter data . Other embodiments may include a transla t ively scale the signal up or down proportionately to the 
tion alteration perhaps with a translational alteration calcu - amount of drift from the initial mean . 
lation . In yet other embodiments , n - dimensional parameter As previously mentioned , a flow cytometer may be used 
data may be combined to mathematically achieve numerical to generate a stream into which the cells or other particulates 
results representative of a scaling operation perhaps with a 35 may be injected . A detection point may be established which 
scaled alteration calculation . Of course , other kinds of may cause a source of laser light to strike the cells perhaps 
alterations and calculations may be used and any alteration causing a dye that is carried on genomic material to fluo 
may be applied as a single operation or perhaps even in resce . In one application , sperm may be orientated by the 
combination with others . Classification of a particle may be hydrodynamics of the injection device , and perhaps the 
based upon numerical results representative of an alteration . 40 fluorescence level could be proportional to the amount of 

In embodiments , and as can be conceptually understood genomic mass . Thus , a differential between X and Y bearing 
from FIG . 7 , a signal ( 45 ) associated with a particle may be sperm can be detectable . Fluorescence may be detected by 
detected by at least one detector ( 46 ) in which signal data sensors established forward of the detection point and pos 
may be sent to a signal processor ( 47 ) . In a signal processor , sibly even to an angle , such as 90 degrees , of this point as 
signal data may be converted into n - dimensional parameter 45 may be understood in FIGS . 1 and 2 . A sensory system can 
data to which at least one alteration ( 48 ) ( e . g . rotational pass a pulse of light to an electrical device which may 
alteration , translation operation , scaling operation , any com - convert a pulse level into binary numbers suitable for 
bination of these and the like ) may be applied to the manipulation by a Digital Signal Processor ( “ DSP ” ) . 
n - dimensional parameter data . Based on the alteration , n - di - A signal processor , for example a Digital Signal Processor 
mensional parameter data may be classified into one of at 50 may contain highly optimized algorithms that can perform a 
least two populations providing a real - time classification specialization transformation of at least two signal values . 
( 49 ) . A particle differentiation decision ( 50 ) may be made This transformation may cause a resulting population of 
based upon a real - time classification of the n - dimensional signal to adopt a form , such as where a separation of X and 
parameter data to which directions may be sent to a flow Y bearing sperm may be delineated . Clarity of delineation 
cytometer ( 51 ) in order to charge and sort the particles . 55 may allow each population to be selected more accurately 

Certain particles or cells may exhibit signals that can than in any other separation system . 
show enhanced differences by a rotational alteration of the The selection of which population is to be sorted can be 
data . For example , in embodiments , the invention may made by an electronic system such as by controlling a 
involve rotating data to increase a separation of data from droplet break - off of a standard flow cytometer . There may be 
male determining cells to female determining cells . Two 60 a delay between a detection of a fluorescence and a particle 
sources of light may be detected for each cell . The range of falling into a last breaking drop ( 36 ) . This time may be 
light intensity from one source from male determining cells known . Thus an electronic system can apply an electric 
may overlap the same light source range from female charge to the drop containing the particle of interest . High 
determining cells . Employing a scale factor , as described voltage plates below the breaking drops may cause the drop 
above , may increase the separation of the mean distribution 65 to move and be placed into a collection vial . In this fashion , 
of the signal range but may not completely eliminate an a high level of selected particles , perhaps such as pure sperm 
overlap . cells can be collected as may be understood in FIG . 1 . 
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A Digital Signal Processor may control the position of the This may be representative of a matrix , as one skilled in the 
populations . Flow cytometers may have variability in the art can appreciate and can be understood by the various 
pointing accuracy of a laser beam which can cause an examples given herein . 
intensity of fluorescence from each cell to shift . A DSP may N - dimensional space alteration functions may be com 
act as a sensory device to monitor a shifting of light intensity 5 5 bined with a vector having data points so as to alter the 

n - dimensional parameter data . In an embodiment , a combi and may even perform a correcting scale to ensure that the nation of a function and data points may include , but is not 
populations residing in the muorescence bivariate remain in limited to : calculating a first 1st - dimensional alteration value 
the same position . This may ensure that the correct sperm are times a 1st - dimensional data point summed with a second 
sorted . The process of transformation , zooming and perhaps 1st - dimensional alteration value times a 2nd - dimensional 
even control may be imbedded in one geometric transform . " data point summed with a third 1st - dimensional alteration 
Multiple transformation and zoom could be incorporated value times a 3rd - dimensional data point to thereby create a 
perhaps even with non - linear , logarithmic , table look up , or first dimensional altered data point ; and calculating a first 
even discretely unique data portion transformations . Trans 2nd - dimensional alteration value times a 1st - dimensional 
formation may uniquely supply the accuracy required to 1 data point summed with a second 2nd - dimensional rota 

15 tional value times a 2nd - dimensional data point summed provide highly pure particle separation . with a third 2nd - dimensional alteration value times a 3rd One method of gaining spatially separated data may be to dimensional data point to thereby create a second dimen use compensation algorithms as those skilled in the art could sional altered data point . appreciate . Rotation of the data ( forward scatter vs . side In other embodiments , a n - dimensional space alteration 
scatter ) may be a more accurate mechanism to do this . In 20 function may include a first 3rd - dimensional alteration 
addition to rotation , it has been found that there may be a value , a second 3rd - dimensional alteration value and a third 
need for tracking and zooming of the data . These combina 3rd - dimensional alteration value . Further , a combination of 
tions can be significant , for example sex selection may not data may include calculating a first 3rd - dimensional altera 
be optimally achieved by any other method , hence the tion value times a 1st - dimensional data point summed with 
importance of this invention . 25 a second 3rd - dimensional rotational value times a 2nd 
By rotating a bivariate histogram in which two popula - dimensional data point summed with a third 3rd - dimen 

tions may be present but overlapping in one dimension , a sional alteration value times a 3rd - dimensional data point to 
better spatial separation in the dimension that is overlapped thereby create a third dimensional altered data point . 
may be created . Rotated data can be used as a parameter in Many different types of data manipulation values that may 
sort decisions and perhaps even in any other histograms . If 30 be used as an alteration value . For example , a rotational 
data has been properly rotated , a univariate histogram of the alteration may include alteration values based upon an angle 
parameter of interest can contain gaps in the populations . In of rotation allowing altered data points to increase discrimi 
embodiments , a rotation function may be utilized to set the nation of at least two populations of n - dimensional data . In 
X and Y populations on a bivariate to be horizontal . other embodiments , a scaled alteration may include altera 
Because the populations of interest may typically be close 35 tion values are based upon a zoom and tracking element 

together , it may be desirable either alone or in combination allowing altered data points to increase discrimination of at 
with other aspects — to zoom in on a region in order to least two populations of n - dimensional data . In yet other 
exaggerate a distinction between the populations . This may embodiments , a translation alteration may include alteration 
be another mechanism to allow separation of the popula - values which may translate n - parameter data with respect to 
tions . Further , the long sorts typical of sperm sorting or the 40 a center point of rotation . 
like may cause data to shift over time . Shifts may be fixed The following are examples of matrices that may be used 
by setting a tracking region and using this region in a newly in order to do rotation about a given center point and even 
computed parameter . In embodiments , an automatic region automatic region zoom or tracking on a region and the like . 
setting algorithm may be implemented . In other embodi Translate data : 
ments , regions may be set according to a desired purity level . 45 

In order to rotate and sort data , a rotation could be done 
using hardware that can access the data in an acquisition 11 0 Cx 
rack and may have a capability to modify an event frame T ( Cx , Cy ) = 1 0 1 Cy prior to a sort decision being made . Rather than design new 100 1 ) hardware , it may be desirable to implement this in a DSP 50 
perhaps by using a rotation algorithm . This may include an 
ability to do compensation on data when rotating it . In Rotate the data : 
addition to rotation , a user can specify a region to zoom in 
on . 

In embodiments , the present invention may provide speci - 55 ( cose sind 0 
fication of a center point of a rotation . This may allow a finer RO = - sino cost o 
control of the rotation in order to achieve maximum sepa 0 0 1 ) 
ration . 

Embodiments of the present invention may include pro 
viding a n - dimensional space alteration function having at 60 Scale the data ( Zoom and Tracking ) : 
least : 

a first 1st - dimensional alteration value , a second 1st 
dimensional alteration value , and a third 1st - dimensional Dx 0 0 
alteration value ; S ( Dx , Dy ) = 0 Dy 0 

a first 2nd - dimensional alteration value , a second 2nd - 65 100 1 ) 
dimensional alteration value , and a third 2nd - dimensional 
alteration value , and the like . 



US RE46 , 559 E 
These can be combined with the variables : Scale : 
Res = Resolution / 2 
Z = Zoom amount 
RC = Rotation Center | SX 0 0 0 
Tr = Tracking constant 0 Sy 0 0 

S ( Sx , Sy , Sz ) = 1 ZC = Tracking center 00 Szo 
? = Angle of rotation To 0 0 1 1 

into a single transformation produced by the product of any 
or all of the following linear operations : 10 Of course other algorithms may be used and all are meant to T ( Resz , Res ) 

S ( ZX , Z ) be included in this disclosure . The examples provided herein 
are not meant to be limiting . T ( - ZCx - ZC ) Programs may solve the particular equation used and may S ( Trx , Try ) download the result to the DSP . A DSP code may perform a T ( RCF , RCL ) 15 simple matrix multiplication using the matrices supplied by 

R? . computer programs . Further , a computer program may cre 
T ( - RCx - RC ) ate zoom parameters such that a mean of the zoomed signals 
The equation , T ( - RC7 , - RC _ ) , may translate an event to may remain fixed . The mean may remain at the same 

an origin and then the opposite in order to translate it back position within a tracking region . Software may allow a user 
to a proper coordinate system . This may be done with all 20 to designate regions bounds which a zoom function may 
listmode data in the first quadrant . utilize . Software may send a center of a zoom , zoom value 

When zooming , the data that is being zoomed may be and even tracking gain to a DSP . 
centered in a histogram . This may be why that data could be In embodiments , zooming of a square region on a split of 
translated to half ( 1 / 2 ) the resolution rather than back to a populations ( such as X and Y populations ) may be shown on 
center point of a zoomed region . 25 a Forward - Fluorescence versus a Side - fluorescence bivari 

Other examples of translation alterations may be based ate histogram . A zoom region may be a square or perhaps 
upon an operation such as rotation in x - axis , rotation in even non - square with a maximum size which may be equal 
y - axis , rotation in Z - axis , translation , scale , perspective , to a size of a bivariate . In embodiments , it may be desirable 
higher order and the like operations . Some examples include to use a gain set at 1 and offset at 0 on both parameters . A 

30 zoom region can be set as a fraction in percentage of the the following 3 - D algorithms : 
bivariate range in linear units . As those skilled in the art Rotation in X - Axis : would recognize , 1 / 16 may offer a digital advantage . In 
embodiments , software gain ( distinct from a zoom gain ) can 

1 1 0 0 0 be altered . Because the DSP may be a fixed point processor , 
a highly optimized assembly code may be used to do the 

0 cos ( 0 ) - sin ( 0 ) 0 Rx ( O ) = floating point math . 0 sin ( 0 ) cos ( 0 ) 0 In order to achieve efficient calculations of data within the 0 0 0 1 sort time period of real time classifying , the present inven 
tion in embodiments may include simultaneously processing 

Rotation in Y - Axis : 40 two or more alteration calculations . This may include simul 
taneously processing n - dimensional parameter data to math 
ematically achieve numerical results of both a rotational 

cos ( 0 ) Osin ( 0 ) 0 alteration and a scaled alteration . Other embodiments may 
0 1 0 0 include simultaneously processing n - dimensional parameter 

45 data to mathematically achieve numerical results of a rota 
tional alteration , a scaled alteration and perhaps even a T0 0 0 1 translation alteration . Of course , additional alterations may 
be simultaneously or perhaps even sequentially processed as 

Rotation in Z - Axis : well . 
50 FIG . 3 may be an image of data prior to rotation . FIG . 4 

shows an image of data after scaling , FIG . 5 show an image 
| cos ( 0 ) - sin ( 0 ) 0 0 of data after rotation and FIG . 6 shows an image of data after 
sin ( 0 ) cos ( 0 ) 00 scaling and rotation . These may include one type of illus 

Rz ( 0 ) = 0 0 10 trations of data that can be expected . It is also common to see 
these illustrations of data from sperm sorting data . While 0 0 0 1 rotating may allow a user to gain spatially separated data , it 
may distort the relative values of intensity and in embodi 

Translation : ments , may not be used for any reason other than gaining the 
space between distinct populations . It may be possible to 

60 remove the values on the axis of the rotated data in order to 
110 0 TX assure that users have a visual way of recognizing this . 
0 1 0 Ty As can be easily understood from the foregoing , the basic 

T ( Tx , Ty , Tz ) = 001 Tz concepts of the present invention may be embodied in a 
variety of ways . It involves both transformation techniques 0 0 0 1 65 as well as devices to accomplish the appropriate transfor 
mation . In this application , the transformation techniques are 
disclosed as part of the results shown to be achieved by the 

Ry ( 0 ) = sin ( e ) o cos ( 0 ) 0 
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various devices described and as steps which are inherent to " detector ” should be understood to encompass disclosure of 
utilization . They are simply the natural result of utilizing the the act of " detecting ” — whether explicitly discussed or 
devices as intended and described . In addition , while some not - and , conversely , were there effectively disclosure of 
devices are disclosed , it should be understood that these not the act of “ detecting ” , such a disclosure should be under 
only accomplish certain methods but also can be varied in a 5 stood to encompass disclosure of a “ detector ” and even a 
number of ways . Importantly , as to all of the foregoing , all “ means for detecting . ” Such changes and alternative terms 
of these facets should be understood to be encompassed by are to be understood to be explicitly included in the descrip 
this disclosure . tion . The discussion included in this application is intended to Any patents , publications , or other references mentioned serve as a basic description . The reader should be aware that 10 ir in this application for patent are hereby incorporated by the specific discussion may not explicitly describe all reference . All priority cases are also incorporated by refer embodiments possible ; many alternatives are implicit . It also ence . In addition , as to each term used it should be under may not fully explain the generic nature of the invention and stood that unless its utilization in this application is incon may not explicitly show how each feature or element can sistent with such interpretation , common dictionary actually be representative of a broader function or of a great 15 d definitions should be understood as incorporated for each variety of alternative or equivalent elements . Again , these term and all definitions , alternative terms , and synonyms are implicitly included in this disclosure . Where the inven such as contained in the 60 Random House Webster ' s tion is described in device - oriented terminology , each ele Unabridged Dictionary , second edition are hereby incorpo 
ment of the device implicitly performs a function . Apparatus rated by reference . Finally , all references listed in the list of claims may not only be included for the device described , 20 references below or other information statement filed with but also method or process claims may be included to the application are hereby appended and hereby incorpo 
address the functions the invention and each element per rated by reference , however , as to each of the above , to the forms . Neither the description nor the terminology is extent that such information or statements incorporated by 
intended to limit the scope of the claims that will be included reference might be considered inconsistent with the patent in any subsequent patent application . 25 2 ing of this / these invention ( s ) such statements are expressly It should also be understood that a variety of changes may not to be considered as made by the applicant ( s ) . be made without departing from the essence of the inven 
tion . Such changes are also implicitly included in the 
description . They still fall within the scope of this invention . 1 . U . S . PATENT DOCUMENTS 
A broad disclosure encompassing both the explicit embodi - 30 
ment ( s ) shown , the great variety of implicit alternative DOCUMENT NO . & PUB ’ N DATE PATENTEE OR 
embodiments , and the broad methods or processes and the KIND CODE ( if known ) mm - dd - yyyy APPLICANT NAME 
like are encompassed by this disclosure and may be relied 3 , 299 , 354 12 / 17 / 67 Hogg 
upon when drafting the claims for any subsequent patent 3 , 661 , 460 05 / 09 / 72 Elking et al . 
application . It should be understood that such language 35 3 , 710 , 933 01 / 16 / 73 Fulwyler et al 

3 , 761 , 941 09 / 25 / 73 Robertson changes and broader or more detailed claiming may be 3 , 810 , 010 05 / 07 / 74 
accomplished at a later date . With this understanding , the 3 , 826 , 364 07 / 30 / 74 Bonner et al 
reader should be aware that this disclosure is to be under 3 , 833 , 796 11 / 03 / 74 Fetner et al 

07 / 01 / 76 stood to support any subsequently filed patent application 3 , 960 , 449 Carleton et al 
3 , 963 , 606 06 / 15 / 76 that may seek examination of as broad a base of claims as 40 3 , 973 , 196 08 / 03 / 76 deemed within the applicant ' s right and may be designed to 4 , 014 , 611 03 / 29 / 77 Simpson et al 

yield a patent covering numerous aspects of the invention 4 , 070 , 617 01 / 24 / 78 Kachel et al 
both independently and as an overall system . 4 , 074 , 809 2 / 21 / 2978 McMillin et al . 

4 , 162 , 282 07 / 24 / 79 Fulwyler et al Further , each of the various elements of the invention and 4 , 230 , 558 10 / 28 / 80 Fulwyler 
claims may also be achieved in a variety of manners . 45 4 , 302 , 166 11 / 24 / 81 Fulwyler et al 
Additionally , when used or implied , an element is to be 4 , 317 , 520 03 / 02 / 82 Lombardo et al 
understood as encompassing individual as well as plural 4 , 318 , 480 03 / 09 / 82 Lombardo et al 

4 , 318 , 481 03 / 09 / 82 Lombardo et al structures that may or may not be physically connected . This 4 , 318 , 482 03 / 09 / 82 Barry et al 
disclosure should be understood to encompass each such 4 , 318 , 483 03 / 09 / 82 Lombardo et al 
variation , be it a variation of an embodiment of any appa - 50 4 , 325 , 483 04 / 20 / 82 Lombardo et al 
ratus embodiment , a method or process embodiment , or 4 , 341 , 471 07 / 27 / 82 Hogg et al 

4 , 350 , 410 09 / 21 / 82 Minott even merely a variation of any element of these . Particularly , 4 , 361 , 400 11 / 30 / 82 Gray et al 
it should be understood that as the disclosure relates to 4 , 395 , 676 07 / 26 / 83 Hollinger et al 
elements of the invention , the words for each element may 4 , 400 , 764 08 / 23 / 83 Kenyon 
be expressed by equivalent apparatus terms or method 55 4 , 487 , 320 12 / 11 / 84 Auer 

4 , 498 , 766 02 / 12 / 85 Unterleitner terms — even if only the function or result is the same . Such 4 , 501 , 336 02 / 26 / 1985 Kemp et al . equivalent , broader , or even more generic terms should be 4 , 515 , 274 05 / 07 / 85 Hollinger et al 
considered to be encompassed in the description of each 4 , 523 , 809 06 / 18 / 85 Toboada et al 
element or action . Such terms can be substituted where 4 , 538 , 733 11 / 03 / 85 Hoffman 

4 , 598 , 408 07 / 01 / 86 O ' Keefe desired to make explicit the implicitly broad coverage to 60 4 , 600 , 302 07 / 15 / 86 Sage , Jr . 
which this invention is entitled . As but one example , it 4 , 631 , 483 12 / 23 / 86 Proni et al 
should be understood that all actions may be expressed as a 4 , 673 , 288 06 / 16 / 87 Thomas et al 
means for taking that action or as an element which causes 4 , 691 , 829 09 / 08 / 87 Auer 

4 , 702 , 598 10 / 27 / 87 Bohmer that action . Similarly , each physical element disclosed 4 , 744 , 090 05 / 10 / 88 
should be understood to encompass a disclosure of the 65 4 , 758 , 729 07 / 19 / 88 Monnin 
action which that physical element facilitates . Regarding 4 , 794 , 086 01 / 27 / 88 Kasper et al 
this last aspect , as but one example , the disclosure of a 

Thom 

Hogg 
Hogg 

Freiberg 
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- continued initial claims or perhaps only initial claims with only initial 

dependencies . Support should be understood to exist to the 
III . OTHER DOCUMENTS degree required under new matter laws — including but not 

limited to European Patent Convention Article 123 ( 2 ) and microphotochemistry . FASEB J . 8 : 804 - 813 . 
" An Introduction to Flow Cytometry " , pp 5 - 7 and pp 33 - 42 and page 55 . 5 . United States Patent Law 35 U . S . C . $ 132 or other such 
Gottlinger , C . , et al , “ Operation of a Flow Cytometer , ” Flow Cyto laws — to permit the addition of any of the various depen 
metry and Cell Sorting , pp . 7 - 23 ( 1982 ) dencies or other elements presented under one independent 
McLeod , J . , Eastman Kodak Company , Hawk - Eye Works , Rochester , claim or concept as dependencies or elements under any NY , Journal of the Optical Society of America ; vol . 44 , no . 8 , other independent claim or concept . In drafting any claims September 1953 , pp . 592 - 597 
Pinkel , D . , “ Flow Chambers and Sample Handling , " Flow Cytometry : 10 at any time whether in this application or in any subsequent 
Instrumentation and Data Analysis , pp . 77 - 128 ( 1985 ) application , it should also be understood that the applicant 
U . S . application 09 / 032 , 733 , entitled “ Method and Apparatus for Flow has intended to capture as full and broad a scope of coverage Cytometry , ” filed on Feb . 27 , 1998 , 53 pages and 5 figures 
U . S . application No . 60 / 591 , 957 , entitled , “ Geometric Transformation as legally available . To the extent that insubstantial substi 
for Enhanced Flow Cytometry Discrimination , ” filed Jul . 7 , 2004 , 19 tutes are made , to the extent that the applicant did not in fact 
pages . 15 draft any claim so as to literally encompass any particular 

embodiment , and to the extent otherwise applicable , the 
Thus , the applicant ( s ) should be understood to have appli applicant should not be understood to have in any way 

intended to or actually relinquished such coverage as the support to claim and make a statement of invention to at applicant simply may not have been able to anticipate all least : i ) each of the transformation devices as herein dis 20 eventualities ; one skilled in the art , should not be reasonably closed and described , ii ) the related methods disclosed and expected to have drafted a claim that would have literally described , iii ) similar , equivalent , and even implicit varia encompassed such alternative embodiments . tions of each of these devices and methods , iv ) those Further , if or when used , the use of the transitional phrase alternative designs which accomplish each of the functions “ comprising " is used to maintain the “ open - end ” claims 
shown as are disclosed and described , v ) those alternative 25 herein , according to traditional claim interpretation . Thus . 
designs and methods which accomplish each of the func - unless the context requires otherwise , it should be under 
tions shown as are implicit to accomplish that which is stood that the term " comprise ” or variations such as “ com 
disclosed and described , vi ) each feature , component , and prises ” or “ comprising ” , are intended to imply the inclusion 
step shown as separate and independent inventions , vii ) the of a stated element or step or group of elements or steps but 
applications enhanced by the various systems or components 30 not the exclusion of any other element or step or group of 
disclosed , viii ) the resulting products produced by such elements or steps . Such terms should be interpreted in their 
systems or components , ix ) each system , method , and ele - most expansive form so as to afford the applicant the 
ment shown or described as now applied to any specific field broadest coverage legally permissible . 
or devices mentioned , x ) methods and apparatuses substan - Finally , any claims set forth at any time are hereby 
tially as described hereinbefore and with reference to any of 35 incorporated by reference as part of this description of the 
the accompanying examples , xi ) the various combinations invention , and the applicant expressly reserves the right to 
and permutations of each of the elements disclosed , xii ) each use all of or a portion of such incorporated content of such 
potentially dependent claim or concept as a dependency on claims as additional description to support any of or all of 
each and every one of the independent claims or concepts the claims or any element or component thereof , and the 
presented . 40 applicant further expressly reserves the right to move any 

In addition and as to computer aspects and each aspect portion of or all of the incorporated content of such claims 
amenable to programming or other electronic automation , or any element or component thereof from the description 
the applicant ( s ) should be understood to have support to into the claims or vice - versa as necessary to define the 
claim and make a statement of invention to at least : xiii ) matter for which protection is sought by this application or 
processes performed with the aid of or on a computer as 45 by any subsequent continuation , division , or continuation 
described throughout the above discussion , xiv ) a program in - part application thereof , or to obtain any benefit of , 
mable apparatus as described throughout the above discus - reduction in fees pursuant to , or to comply with the patent 
sion , xv ) a computer readable memory encoded with data to laws , rules , or regulations of any country or treaty , and such 
direct a computer comprising means or elements which content incorporated by reference shall survive during the 
function as described throughout the above discussion , xvi ) 50 entire pendency of this application including any subsequent 
a computer configured as herein disclosed and described , continuation , division , or continuation - in - part application 
xvii ) individual or combined subroutines and programs as thereof or any reissue or extension thereon . 
herein disclosed and described , xviii ) the related methods We claim : 
disclosed and described , xix ) similar , equivalent , and even 1 . A method of operating a flow cytometry apparatus with 
implicit variations of each of these systems and methods , xx ) 55 at least n detectors to analyze at least two populations of 
those alternative designs which accomplish each of the particles in the same sample , the method comprising : 
functions shown as are disclosed and described , xxi ) those ( a ) establishing a fluid stream in the flow cytometry 
alternative designs and methods which accomplish each of apparatus with at least n detectors , the at least n 
the functions shown as are implicit to accomplish that which detectors including a first detector and a second detec 
is disclosed and described , xxii ) each feature , component , 60 tor ; 
and step shown as separate and independent inventions , and ( b ) entraining particles from the sample in the fluid stream 
xxiii ) the various combinations and permutations of each of in the flow cytometry apparatus ; 
the above . ( c ) executing instructions read from a computer readable 

With regard to claims whether now or later presented for memory with a processor , the processor being in com 
examination , it should be understood that for practical 65 munication with the first detector in the flow cytometer , 
reasons and so as to avoid great expansion of the examina to detect a first signal from the first detector based on 
tion burden , the applicant may at any time present only individual particles in the fluid stream ; 
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( d ) executing instructions read from the computer read sional data point summed with a second 2nd - dimen 
able memory with the processor , the processor being in sional alteration value times the 2nd - dimensional data 
communication with the second detector in the flow point summed with a third 2nd - dimensional alteration 
cytometer , to detect a second signal from the second value times the 3rd - dimensional data point . 
detector based on the individual particles in the fluid 5 6 . The method of claim 5 , wherein the alteration values 
stream ; are based on a zoom and tracking element and the alteration 

( e ) executing instructions read from the computer read increases discrimination between the first population and the 
able memory with the processor to convert at least the second population in the n - dimensional parameter data . 

7 . The method of claim 4 , further comprising : first signal and the second signal into n - dimensional 
parameter data for detected particles in the sample , 10 executing instructions read from the computer readable 
wherein the n - dimensional parameter data for particles memory with the processor to simultaneously rotation 

ally alter and scale the n - dimensional parameter data . from the at least two populations overlap in at least one 8 . The method of claim 1 or 4 , further comprising : of the dimensions ; ( a ) executing instructions read from the computer read ( f ) executing instructions read from the computer readable able memory with the processor to alter the n - dimen memory with the processor to rotationally alter the 15 sional parameter data by translating the n - dimensional 
n - dimensional parameter data so that spatial separation parameter data ; and 
of the data from the particles from the at least two ( b ) executing instructions read from the computer read 
populations in the at least one dimension that is over able memory with the processor to real - time classify 
lapped is increased ; each of the individual particles into one of said the first 

( g ) executing instructions read from the computer read - 20 population and the second population based on at least 
able memory with the processor to real - time classify the translated n - dimensional parameter data . 
each of the individual detected particles into one of a 9 . The method of claim 8 , further comprising : 
first population and a second population of the at least ( a ) executing instructions read from the computer read 
two populations based on at least the rotationally able memory with the processor to create a first dimen 
altered n - dimensional parameter data ; and 25 sional altered data point by calculating a first 1st 

( h ) using the real - time classification , sorting the indi dimensional alteration value times a 1 st - dimensional 
vidual particles with the flow cytometer . data point summed with a second 1 st - dimensional 

2 . The method of claim 1 , further comprising : alteration value times a 2nd - dimensional data point 
( a ) executing instructions with the processor read from the summed with a third 1 st - dimensional alteration value 

computer readable memory to create a first dimensional 30 times a 3rd - dimensional data point ; and 
altered data point by calculating a first 1st - dimensional ( b ) executing instructions read from the computer read 
alteration value times a 1 st - dimensional data point able memory with the processor to create a second 
summed with a second 1 st - dimensional alteration dimensional altered data point by calculating a first 
value times a 2nd - dimensional data point summed with 2nd - dimensional alteration value times the 1 st - dimen 
a third 1 st - dimensional alteration value times a 3rd - 35 sional data point summed with a second 2nd - dimen 
dimensional data point ; and sional alteration value times the 2nd - dimensional data 

( b ) executing instructions with the processor read from point summed with a third 2nd - dimensional alteration 
the computer readable memory to create a second value times the 3rd - dimensional data point . 
dimensional altered data point by calculating a first 10 . The method of claim 9 , wherein the alteration values 
2nd - dimensional alteration value times the 1 st - dimen - 40 comprise translating of the n - dimensional parameter data 
sional data point summed with a second 2nd - dimen - with respect to a center point of rotation . 
sional alteration value times the 2nd - dimensional data 11 . The method of claim 9 , wherein the alteration values 
point summed with a third 2nd - dimensional alteration are based on an operation selected from a group consisting 
value times the 3rd - dimensional data point . of rotation in x - axis , rotation in y - axis , rotation in z - axis , 

3 . The method of claim 1 , wherein the rotational alteration 45 translation , scale , and perspective operations . 
increases discrimination between the first population and the 12 . The method of claim 8 , further comprising : 
se second population . executing instructions read from the computer readable 

4 . The method of claim 1 , further comprising : memory with the processor to simultaneously rotation 
( a ) altering the n - dimensional parameter data by scaling ally alter , scale , and translate the n - dimensional param 

the n - dimensional parameter data ; and 50 eter data . 
( b ) real - time classifying the n - dimensional parameter data 13 . The method of claim 1 , further comprising : 
of each of the individual particles into one of the at least executing instructions read from the computer readable 
two populations based on at least the scaled n - dimen memory with the processor to cause a display device to 
sional parameter data . display the n - dimensional parameter data for each of 

5 . The method of claim 4 , further comprising 55 the individual particles in relation to the at least two 
( a ) executing instructions with the processor read from the populations . 
computer readable memory to create a first dimensional 14 . The method of claim 1 , further comprising : 
altered data point by calculating a first 1st - dimensional executing instructions read from the computer readable 
alteration value times a 1 st - dimensional data point memory with the processor to cause a display device to 
summed with a second 1 st - dimensional alteration 60 display the n - dimensional parameter data in a Cartesian 
value times a 2nd - dimensional data point summed with coordinate system . 
a third 1 st - dimensional alteration value times a 3rd 15 . The method of claim 14 , further comprising : 
dimensional data point ; and executing instructions read from the computer readable 

( b ) executing instructions read from the computer read memory with the processor to cause the display device 
able memory with the processor to create a second 65 to display : 
dimensional altered data point by calculating a first ( a ) the first signal on a first axis ; and 
2nd - dimensional alteration value times the 1 st - dimen ( b ) the second signal on a second axis . 

55 
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16 . The method of claim 1 , further comprising : emitting element coupled with the individual particles after 
executing instructions read from the computer readable passing through a laser beam . 
memory with the processor to cause a display device to 20 . The method of claim 1 , further comprising : 
display a histogram of the n - dimensional parameter identifying a point situated between the first population 
data . and second population when the n - dimensional param 

eter data for a first plurality of particles from the first 17 . The method of claim 1 , further comprising : population and a second plurality of particles from the executing instructions read from the computer readable second population is plotted on a Cartesian coordinate 
memory with the processor to cause a display device to system , such that the point is positioned so that the display : separation of the first population and second population 

( a ) elliptical shaped populations of each of the first is increased with respect to one axis of the Cartesian 
population and the second population , the displayed coordinate system when the n - dimensional parameter 
elliptical shaped populations having non - orthogonal data for the first and second plurality of particles is 
angles of inclination to at least one axis ; and rotated about the point , and 

( b ) the elliptical shaped populations orthogonal to at least 1 wherein rotationally altering the n - dimensional parameter 
one axis . data includes rotating the n - dimensional parameter data 

18 . The method of claim 1 , wherein : about the point . 
( a ) the particles include sperm ; and 21 . The method of claim 1 , wherein the processor is a 
( b ) the first population includes an X - bearing sperm digital signal processor . 

22 . The method of claim 21 , wherein the digital signal population ; and 
( c ) the second population includes a Y - bearing sperm processor is a fixed point processor . 

population . 23 . The method of claim 1 wherein the instructions are 
19 . The method of claim 1 , wherein the first signal and the assembly language code . 

second signal comprises fluorescence emitted from a light 
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