WO 02/ 12877 PCT/ GBOL1/ 03281 1 SYSTEM AND METHOD The present invention
relates to an analysis systemfor and nethod of determning the velocities

of m gratwoaabgects, such as sanpl e conponents travel |l i ngpdiceuata
channel, and also to an analysis systemfor and method of classifying

m grating objects into groups each having a conmmon constraint, such as the
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of those sample components on the application of an electric field therealong, where

absorption, fluoroescence, electrochemistry, conductivity, radioactivity and mass

spectrometfy can be all used to detect the electrophoretic separation.

As will be appreciated, the ability to determine accurately the velocities of migrating
components, such as components electrophoretically separated in a separation column, is
highly desirable. In this regard, the present inventor has identified that the velocities of the
migrating components provided in a single sample plug have a common vertex to which the
points in space-time co-ordinates can be fitted, and hence allow for improved resolution of

the velocities.

Also, the ability to classify migrating objects into groups each having a common constraint,
either time or spatially related, has particular application in allowing migrating components
to be detected in a single detection sequence and identified as being from one of a plurality
of separately-provided multi-component sample plugs. Whilst this technique has application
in very many fields, one particular application is the sequencing of polymeric samples, such
as DNA samples, where sample plugs provided separately, either in space or time, and
comprising DNA bands having the different base pair terminations can be driven in a single

step through a separation channel and yet classified into groups according to the respective
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Accordingly, the present invention provides an analysis system for enabling determination
of the velocities of migrating objects, comprising: a space-time map generator for generating
a space-time map of points representative of th‘e signal peaks of signals detected at a
plurality of spaced positions; and a vertex finder for identifying at least one vertex from the
space-time map, with a single vertex being identified for each group of objects having a
common constraint and the velocities of the objects being determinable from the sets of
points in the space-time map corresponding to the respective objects as fitted to the

respective vertex.

Preferably, the system further comprises a velocity sorter for determining the nominal
velocities associated with the signal peaks in the signals and grouping those signal peaks

into sets according to nominal velocity.

Preferably, the space-time map generator is configured to utilise a corrected time component

in generating the space-time map according to a function of the electric current variation.



points in the space-tinme map corresponding to the respective objects as
fitted to the respective vertex. Preferably, the systemfurther conprises
a vel oci twosrkers for determning the nomnal velocities gas@giiaad W th
the signal peaks in the signals and groupi ng those signal peaks into sets
according to nominal velocity. Preferdbly, the space-tinme map generator is
configured to utilise a corrected tine conponent 1in generating the
space-tinme map accoyding to a function of the electric current variation.
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In one embodiment the objects are non-labelled objects.
In another embodiment the objects are labelled objects.
Preferably, the objects are migrated through a channel.

More preferably, the channel comprises a separation channel through which the objects are

electrophoretically driven.
In one embodiment the objects comprise components from one sample.

In another embodiment the objects comprise components from a plurality of separate

samples.
Preferably, the objects cbmprise molecular components.
Preferably, the objects comprise polymeric components.

More preferably, the components comprise DNA bands.



sanpl es. Preferably, the objects conprise nol ecul ar conponents.
Preferably, the objects conprise polyneric conponents. More preferably,

t he conpowgydm2¢@npri se DNA bands. WO 02/ 12877 PCT/ GBOL/ 03)%&1(;3(}1/0'5&3&
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Preferably, the method further comprises the steps of determining the nominal velocities
associated with the signal peaks in the signals and grouping those signal peaks into sets

according to nominal velocity.

Preferably, a time component corrected according to a function of the electric current

variation is utilised in generating the space-time map.

More preferably, the correction is according to the function t. = [To/I(t’)dt’ in the range of 0
to t, where t is the measured time, t, is the corrected time, I is the measured current and I is
the reference current.

Preferably, the space-time map is an equiphase space-time map of equiphase points.

More preferably, the equiphase points are determined by transforming each data set into a
set of local slopes and determining the local minima as the minimum absolute local
derivatives.

In one embodiment the objects are non-labelled objects.

In another embodiment the objects are labelled objects.



More. preferably, the equi phase points are determ ned by transform ng each
data set into a set of local slopes and determning the |Iocal mninma as

t he m ni niip @hsgiute | ocal derivatives. In one enbodi nentpdiesQlasat s are
non-1| abel | ed objects. In another enbodi nent the objects are | abelled
objects. WD 02/12877 PCT/ GB01/03281 % Preferably, the objects are m grated
t hrough a channel. Mre preferably, the channel conprises a separation
channel through which the objects are electrophoretically driven. In one
enbodi ment the objects conprise conponents fromone sanple. In another

enbodi nent the objects conprise conponents froma plurality of separate
sanpl e®referablye theribyects s ja@éttg"ol‘:‘gﬁrﬁr" awehp| ecul ar conponents.

Preferably, the objects conprise polyneric conponents. More preferably,

t he conponents conprise DNA bands. The present invention further provides
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havi ng a connon.canstraint, conprising: a space-tinme nmap generator for
generateleﬁﬁoﬁh%rﬁ%@@yldi”?fﬁn'nap of points representative of the signal peaks of
signals detected at a plurality of spaced positions; and a vertex finder
for identifying at |east one vertex from the space-tinme map, wth a single
ver t ex Ihenaigmbodiment thedbjests comprisgeamporshtsdimenpesapleng a common
constraint. Preferably, the systemfurther conprises a velocity sorter for
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si gnal g3, ansth&r st dig et bjsdtg Bahpiisadomponents from a plurality of separate

samples.

Preferably, the objects comprise molecular components.
Preferably, the objects comprise polymeric components.
More preferably, the components comprise DNA bands.

The present invention further provides an analysis system for classifying migrating objects
into groups each having a common constraint, comprising: a space-time map generator for
generating a space-time map of points representative of the signal peaks of signals detected
at a plurality of spaced positions; and a vertex finder for identifying at least one vertex from
the space-time map, with a single vertex being identified for each group of objects having a

common constraint.

Preferably, the system further comprises a velocity sorter for determining the nominal
velocities associated with the signal peaks in the signals and grouping those signal peaks

into sets according to nominal velocity.

Preferably, the space-time map generator is configured to utilise a corrected time component

in generating the space-time map according to a function of the electric current variation.



into sets according to nomnal velocity. Preferably, the space-tinme map
generator is configured to utilise a corrected tinme conponent in

generati nggha2epace-tine map according to a function of tha/€bARBIIIC
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mnima as the mninum absolute 1ocal derivatives. In one enbodi nent the
objects are non-labelled objects. |In another enbodi nent the objects are

| abel | ggeRRLAE e spab¥-Bine Pl génerdalt? O €4lishast Spade-ghmtmap Séretatghfoa channel .
More preferably, the channel conprises_ a separation channel through which
t he objastersting an eqiphase spsRwtiBteimBEN PLEEHRhASHPOIMSef er abl y, the vel ocities of
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preferably, the co nents conprise DNA bands.. The present invention also
ext endsdaf%seéwt%ﬁé@trg%g?ﬂ?l;?l%s ang GpteFmingdhe ﬁeglumnﬁaa ah1S Zajp{Rum aSomed

local derivatives.

In one embodiment the objects are non-labelled objects.

In another embodiment the objects are labelled objects.

Preferably, the objects are migrated through a channel.

More preferably, the channel comprises a separation channel through which the objects are

electrophoretically driven.

Preferably, the velocities of the objects are determinable from the points in the space-time

map as fitted to the respective vertex -

Preferably, the objects comprise molecular components.
Preferably, the objects comprise polymeric components.
More preferably, the cofnponents comprise DNA bands.

The present invention also extends to an electrophoresis apparatus including the above-

described system.



described system WD 02/12877 PCT/ GBOLl/ 03281 7 The present invention yet
further provides a nmethod of classifying mgrating objects into groups
each havi w@ @/189¢Amon constraint, conprising the steps of: pganes@lizmnd a
space-tinme nmap of points representative of the signal peaks of signals
detected at a plurality of spaced poditions; and identifying at |east one
vertex fromthe space-tinme map, with a single vertex being identified for
each group of objects having a common constraint. Preferably, the method
further -conprises the steps of determ ning the nom nal velocities
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Preferably, a time component corrected according to a function of the electric current

variation is utilised in generating the space-time map.

More preferably, the correction is according to the function t. = JTo/I(t*)dt’ in the range of 0

to t, where t is the measured time, t. is the corrected time, I is the measured current and Io is
" the reference current.

Preferably, the space-time map is an equiphase space-time map of equiphase points.

More preferably, the equiphase points are determined by transforming each data set into a

set of local slopes and determining the local minima as the minimum absolute local

derivatives.

In one embodiment the objects are non-labelled objects.

In another embodiment the objects are labelled objects.

Preferably, the objects are migrated through a channel.



8 More preferably, the channel conprises a separation channel through which
the objects are electrophoretically driven. Preferably, the velocities of

t he obj ectye) @resdet erm nable fromthe points in the space-gdi@go1mBmi1as
fitted to the respective vertex. Preferably, the objects conprise nolecul ar
conponents. Preferably, the objects ®nprise polyneric conponents. Mbre
preferably, the conponents conprise DNA bands. A preferred enbodi nent of
the present invention will now be described hereinbel ow b Iﬂi)() of exanpl e

only w Mere preisrabl; dhe happel camwsispuh yEpatgtion shanaglk! q%hwrhle*hthe ifgsare

illustr chip of an electrophoresis apparatus in accordance
wth a QE& glr)]lr%te%mgﬁgfvgﬁnent of the present invention; Figure 2 illustrates

t he anal yS|s system of the apparatus of Figure 1; Figure 3 illustrates a
t hree- dj nensron resen on of the |nt&‘sr|ty ti e signals of one

e
conponehtefesd btg%tﬁ%‘i"gt‘?ﬁ‘lfd H%ﬁsé& dergyinablpsirem he poits i She spacestime ed al ong
t he Sepﬂlﬁgﬁéﬂt@ed@nﬁéﬁgéle&('ebgﬁ ,ﬁppar atus of Figure 1; Figure 4 illustrates
n signals of t

the intensity-tine ree conponents of a sanple plug as

detected at positions zl1l, z2, z3 spaced along the separation channel of the
apparatys_.of Figure 1. Figure illustrates a space-tinme map as generated
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Figure 6 illustrates the velaocity spectrumas determ ned fromthe vertexed

space-time map of
Preferably, the objects comprise polymeric components

More preferably, the components comprise DNA bands.

A preferred embodiment of the present invention will now be described hereinbelow by way

of example only with reference to the accompanying drawings, in which:

Figure 1 illustrates the detector chip of an electrophoresis apparatus in accordance with a

preferred embodiment of the present invention;
Figure 2 illustrates the analysis system of the apparatus of Figure 1;

Figure 3 illustrates a three-dimensional representation of the intensity-time signals of one
component of a sample plug as detected at positions z;, z», zs spaced along the separation

channel of the apparatus of Figure 1;

Figure 4 illustrates the intensity-time signals of three components of a sample plug as
detected at positions z), zz, z3 spaced along the separation channel of the apparatus of Figure

L

Figure 5 illustrates a space-time map as generated from the intensity-time signals of Figure

4;



Figure 5; and Figure 7 illustrates a space-tinme nmap as generated fromthe
intensity-tinme signals fromfour separately-injected DNA sanpl e plugs
conpri si ngggMNA2ands having different base pair term natipgnseadiiogrgies 1
and 2 illustrate an el ectrophoresis agparatus in accordance with a
preferred enbodinent of the present fnvention. The el ectrophoresis
apparatus includes a detector chip 2 as mcrofabricated in a substrate
chip, and an_anal ysis system 3 for anal ysing.the, detection si.gn
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separaﬁﬁéﬁegngﬂnel 4, in this enbodi nent a neandering, gel- filled channel,
t hr ough Ich the conponents of one or nore sanple plugs are in use driven
by an applied el ectrophoretic voltage. The separation channel 4 has a

| ength sufficient to allow separation of. the conponen f |l e
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plurality, in this enbodinent first to fourth, spaced sanple-injection
ports @ern8patib@s. 12 t hr ough which sanple plugs including a plurality of
conmponents, in this enbodi nent DNA bands having the respective base pair
termnations Al T, Gand C, are separately injected into the separation
channelFiduresl hearte e fifutratehirp ekclrupiidiesis psdratdeSnaadcbgiatces odthce prdferied t hi s
enbodi ment a WV |ight source, disposed along a Iength of one side of the
separ atdnshedimenh REthepresgatinyerfianect or 16 di sposed along the length of the
ot her side of the separation channel 4 to detect light transmtted through
t he separation channel 4, with the presence of the mgrating conponents
bei ng Tt dettephbiesisiuppahandaclidest ) detdetbe chipd? las ghicrofatrisatsidtiy aasubsiadised by
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chip 2.

The detector chip 2 includes a separation channel 4, in this embodiment a meandering, gel-
filled channel, through which the components of one or more sample plugs are in use driven
by an applied electrophoretic voltage. The separation channel 4 has a length sufficient to
allow separation of the components of the sample plugs. Preferably, the separation channel
4 has a width of from 25 to 100 um and a length of from 20 to 300 mm. The separation
channel 4 includes a plurality, in this embodiment first to fourth, spaced sample-injection
ports 6, 8, 10, 12 through which sample plugs including a plurality of components, in this
embodiment DNA bands having the respective base pair terminations A, T, G and C, are

separately injected into the separation channel 4.

The detector chip 2 further includes a light source 14, in this-embodiment a UV light source,
disposed along a length of one side of the separation channel 4, and a detector 16 disposed
along the length of the other side of the separation channel 4 to detect light transmitted
through the separation channel 4, with the presence of the migrating components being
detected by the change in the detected light intensity as caused by absorbtion of the incident
light. By detecting the sample components in this manner, the sample components need not

necessarily be labelled. In this embodiment the detector 16 comprises a pixel detector array



necessarily be labelled. In this enbodi nent the detector 16 conprises a
pi xel detector array WO 02/12877 PCT/ GBOLl/ 03281 10 (PDA) which includes a

pl ural itywefo2absel s providing detecting el enents for det egidimgsdilngast
transmtted light at a plurality of ﬁﬁsitions zl, z2, z3 spaced along the

| ength of the separation channel 4 d outputting a plurality of signals
S1, S2, S3. For ease of description, the detector 16 is illustrated as
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sets, Egl’ssesl '6éitsf' 'yhgg{r ?lgérr%nl\%%@r& i e%nglriﬂne’\rk%{c‘grlcgg@t %e&Hgimr@énlzrf)a\%}g? g% P iﬁggﬂ t, v2,
v3 of tolfieepamtpdatectonspaceptoyidissodétattng clamdnlt. Eaatvtidr althmatsvgemabodimenkts SP1,

SP2, SP3 qf . each of the sign S1, S2, S3 and groupin t hose signal peaks
SPla Slié’,eﬁ%"}pr\? BOIBB?%emasc%’b‘?‘{jt?%‘&_e@os“ﬁlb'Fﬁ mp%g&ag@f tsg‘ﬁﬁl“g‘&él phase space-
time MRCASAat 8f AlicdBtVORbLASNRKIE 1a86ls AbuGibd Bhasied BP afelictdcta? 16BP Of

equi phase points from the signal peaks SPl, SP2, 3 of the signals S1,

S2, S3, and a vertex finder 22 for identifying the vertices of the

equi phgase | f rouped  set f .si-gnal . > P P3. In this
enbodi ?@ﬁtag{i#e?g @esfe&?{?: ?n@gr%’sg 9%"?‘%"%’( (;\g/if ergcggﬁggﬁ? gg%azs gbé?’asgl e prior to
the equeidiaséby tealeectoms dEt@RgREGHGIgndlR.S)) B,, &; hednatkéty e widvitgisorat s t he
vel ocit'y9 sorter .19 could be Wgroyi ded so as to be operable after (}he

space- 1P e W“ﬁéﬂ%ﬂéﬁ‘&ﬁm@@‘ OGRS Vet ¥xOtfthe, spapple somponents associate

with each of the signal peaks SP;, SP,, SP3 of each of the signals Sj, Sz, S3 and grouping
those signal peaks SP;, SP,, SP; into sets acéording to nominal velocity, an equiphase space-
time map generator 20 for generating an equiphase space-time map of equiphase points from
the signal peaks SP1, SP,, SP3 of the signals S, S, S3, and a vertex finder 22 for identifying
the vertices of the equipﬁase points of the grouped sets of signal peaks SP;, SP2, SPs. In this
embodiment the velocity sorter 19 is provided so as to be operable prior to the equiphase
space-time map generator 20. In alternative embodiments the velocity sorter 19 could be

provided so as to be operable after the space-time map generator 20 or the vertex finder 22.

Figure 3 is included for the purposes of illustration only and illustrates the signals Sy, Sz, S3
as including only a single peak SP, from a single component of a single sample plug. In
reality, however, the signals S;, S,, S3 each include a plurality of signal peaks SP;.n, SP.n,
SP;... Figure 4 illustrates the signals S;, Sz, S3 as including three signal peaks SP;, SP,, SP3

from three components ofa single sample plug.

The velocity sorter 19 is configured to determine the nominal velocities vy, vz, v of the

sample components associated with each of the signal peaks SP;, SP,, SP; in.each of the



Figure 3 is included for the purposes of illustration only and illustrates
the signals S1, S2, S3 as including only a single peak SP1 froma single

conmponent wefo2a28i7ngl e sanple plug. In reality, however, tha/ce@ndrs S1,
S2, S3 each include a plurality of silgnal peaks SP1 n, SP1 n, SP1-n.

Figure 4 illustrates the signals S1, 1$2, S3 as including three signal peaks
SP1, SP2, SP3 fromthree conponents of a single sanple plug. The velocity
sorter 19 is configured to determ ne the nomnal velocities yl, V2, v3 of

the s&igprle Seotmpon@ist bemgonp thase sisnplinsakneh, 8P She eP §FSACOEHRG SP1, SP2,
SP3 i n- : . . / [ ' 7, 53 and

t hen glt1 8@3&? P}lglé%&}t;g%%é@?%g%wéé@%%%g%?#ta %&%éﬁﬂsﬁg@%g?sggoﬁégg’ oZ “ homi nal
vel oci kyof thedetecwot alenenslacchitddemdvlie elipseduidnectan ekteactzblle frbat thelsigsals Re

positiaons zl, z2 z3, 0 he detector elenents are fixed and the .el apsed
PP t SheSsesthersdhepi Binal GG an R AFRICEsd 4 Kpn = 8nyt. PGP IPITE ol

vel oci Igizﬁ& ggg,nsﬂ%espm@&%@&cﬁhﬁ to nomifal.velokity, BhdHeRENaREplS Binsdrdigl  peaks

SP1, S | nfo_s_ets acco g to nomi nal Velocity, and hence sanple
conponeutisequent bsdypieistfacih@atedsis she datd peiintsi assicitecawith hechdamplgesimpanent

associ ate i th each sanpl e conmpopent . can be fitted.w thou{, requiring the
use of C%ﬁ?}%@&'&ﬁ%@fﬂ‘ﬂi% T%&Q@g%ﬁﬂ‘@ﬁ’ég?‘a éﬁ.r ‘iﬂof efhﬁl{ﬂuﬁ‘ngeﬁogﬂ%ncomassed
by our sgainkii€&nchpa&led d948s cdrlier W0N06/8504, thbdoatent 6 WHiCRiPRE&pEFhtedier ei n by
reference. "The equi phase space-tinme nmap generator 20 is configured to

det er mhewrsin berefererge. mi ni na of the signal peaks SP1, SP2, SP3 in the
signals S1, S2, S3 detected at the detection positions zl, z2, z3 and
generate an equi phase map Min space-tinme dinmensions fromthe determ ned

| ocal Tk REWiPhaseisgatestife inap gehdratoe S0 id¢onigaed-1d daerming thd lgesleniainealof r om t he
| ocal minina extracted fromthe signal éeaks SP1, %24%893 of .the signals

S1, S2thesugnal ReaksiSP1obRsn §PviBtbe dgrdls 81, St Sagiskretad gt etiPR REFHPHEA: i nto a
set of z%,%: ahd gé&l‘-‘ﬁé an \é@ﬁf)@as@map M in space-time dimensions from the determined local

minima. Figure 5 illustrates the space-time map M generated from the local minima

extracted from the signal peaks SP;, SP,, SP; of the signals S;, S, S3.

In this embodiment each electropherogram is transformed into a set of local slopes, where a
. triangular slope sequence defines a signal and the local extreme is the minimum absolute

local derivative.

Also, in this embodiment the time component of the detected signals Sy, Sz, S is corrected
as a function of the integrated electric current variation. Owing to the variation of various
factors in electrophoretic detection, the temperature being one of the most significant, the
characteristics of the separation medium, in this embodiment a gel, are altered. Firstly, the
resistivity of the gel changes, leading to variations in the potential difference between the
electrodes and a given point in the gel and fluctuations in the electric current. Secondly, the
sieving properties of the gel change, affecting the mobility of the electrophoresed
components. By monitéring the electric current, the time component of the space-time map
M can be corrected as set out hereinbelow. Specifically, the time component is curved as a

function of the integrated electric current variation.



triangul ar sl ope sequence defines a signal and the | ocal extrene is the

m ni nrum absol ute |ocal derivative. Also, in this enbodinent the tine
conmponent wef g2l1hgr7det ect ed signals S1, S2, S3 is correctedp@Esggotfodswit i on of
the integrated electric current variation. OMng to the variation of
various factors in electrophoretic di ection, the tenperature being one of
the nost significant, the characteristics of the separation nmedium in
this enbodiment a gel, are altered. Firstly, the resistivity of the gel
changeslhe|velagith §f & §apBkeiCamPERRNt IS t he potential difference between the

el ectrodes and a given point in the gel and fluctuations in the electric
current. Secondly, the sieving properties of the gel change, affecting the
mobi l ity of stadzMtectrophor@@sed conponents. By nonitoring the electric
current, the tinme conponent of the space-tine map M can be corrected as
set out hereinbelow Specifically, the time conponent is curved as a

functi gp qf Lo i Al AYim AN ARSERBT D 1.,

PCT) Gaotf Q4T Or TS RS M e COpb 1 o i A o (1)
For a tif fullefverthatdi om dafand ke—~rneadtmed ti ne conponent to a corrected tine
component t -~ tc, it follows that dt -f dtc and v - v,,. Thus: vjv =
dt/dtc (2) The transformation v --f v,, can be defined as: vV/v = 1(t)/10
(3) where | iﬁ,ih@dgeasurea%yurrent and 1o is the reference current which
corresponds to the frane ere all velocities and tine conponents are
projected. Fromequations (2) and (3), it follows:

The transformation v — v, can be defined as:
vd/v=1(t)Io 3)

where I is the measured current and I, is the reference current which corresponds to the

frame where all velocities and time components are projected.
From equations (2) and (3), it follows:
dt. = Io/I(t)dt — te = [To/I(t")dt’ for O to t 4)

The justification for the velocity transformation (3) is that the velocity is approximately
proportional to the applied electric field, which in turn is proportional to the electric current
in the separation channel 4. This correction factor has been found to work well for small
current changes, with the integral of equation (4) providing for an accurate time

transformation.

The vertex finder 22 is configured, in this embodiment by the use of rotational matrices, to
identify the vertices V of the equiphase points of the grouped sets of signal peaks SP;, SP,,
SP; as determined by the equiphase space-time map generator 20, where the components of
each injected sample plug have a common vertex V by virtue of being time and/or spatially

separated in the space-time dimension. All of the sample components injected in a single



dt,; =1lo/l(t)dt tc =f lo/l(t')dt' for O tot (4) The justification for
the velocity transformation (3) is that the velocity is approxi mately

proporti ofa o2l1@st7he applied electric field, which in turn pc/@Eapaidi onal
to the electric current: in the separation channel 4. This correction

factor has been found to work well fol¥3 small current changes, with the
I ntegral of equation (4) providing for an accurate tinme transformation.

The vertex finder 22 is configured, in this enmbodi nent by the use of
rot at i caeipleplug arsamiquely idpetifiedibyye single vertey ¥ ai SARCEHINERO-RGHNHSaPES poi nt s of
the grouped sets o | , HiedoPy the
equi phf@@wérba@é?lﬁ lﬁ%ahn%%ﬁ%%ﬁﬁﬁg? %n?ﬁéﬁ?xﬁé)/ﬁ%erné tﬁg%g%%fglﬂdg?%? each
i nj ect e@dpsaEn)-proRided shaple plugs o Figite § éiluseratel thizyentex Miss deterimiaddram the and/ or

spatially separated in the space-tine dinmension. All. of the npl.e
conponegensrated; spaeecime map Mi d§isspyes-tme MB?WIW@FPGB’@?IB%]?S’:F”E’&?&?M% pl ug
are uniguely | t4 L1 Si; V in space-tinme co-ordinates,

t hus atIﬂFB\OM %%&ﬁ{(}rw%ﬁﬁép?\g%eﬁﬁp?isg%{lﬁe%aﬁ% Sl%&ﬁ'e sanpl e conmponents from each of
a plurality of separately-provided sanple plugs. Figure 5 illustrates the

vertex V as determ ned fromthe ener at ed ce-time M _This
space- t BYHSIAgBRGONENGH &sASPtopstaaIgl Tg@XH achahe Sé%ig@yége%{ﬂm g? Bletsﬁ@p%o nponent s

wer e pr&\r{#p%%gmmh@re%bm%ﬁ iR ﬁmgﬂe%roﬁfnw&m&«!ﬁp&ﬁermﬁ& £h% nVimiber af

constrail to extract the city spectrumof the sanple conponents, the
r esol utcéammponsntapfrr s wat, sheyvehoity @ftone nempensnt i, calghlates ysingsthe Nelopitishef of
In.this wa

conponent s the vel ocit f one ' | at ed usi ng
t he vel %L@ﬁtp%gthgf corgq)qn\égtts ﬁf%ﬁﬁtsﬁlé’F s%rgﬁ&g@ﬁ%tagé)@g%%ﬁ heehtgrgﬁng és%;npl e plug,
and t hugmadRehtdeh ASUIRRE iRFeas€) TRRABSINtor dF the SRNHisintRasesasemdinglye Such
resolution of the analysis increases accordingly. Such

par anet spereparheteripition whidiutesults in nmltiple yprex, Brmayon Y& PO AP 1 or m of
' ntensi ér}flanced regions in space-time co-ordinates is particularly suited to the cases of multiple
sample injections and multiple column correlation. The power of this technique has been
demonstrated on DNA samples which include large numbers of fragments (>iOO) having
lengths of one base pair difference, thereby providing a sequencing technique having a

greatly extended dynamic range.

From the determination of the vertices V in the space-time map M, high resolution of the
electrophoresis data is achieved, allowing accurate determination of the velocities of the

sample components as illustrated in Figure 6.

Use of the above-described electrophoresis apparatus to sequence DNA samples having the

base pair terminations A, T, G and C will now be described hereinbelow.

In use, four sample plugs comprising DNA bands having different length and one of the
base pair terminations A, T, G and C are separately introduced into the ports 6, 8, 10, 12 of
. the separation channel 4; and electrophoretically driven therealong. In one mode of use, the
sample plugs are introduced simultaneously into the ports 6, 8, 10, 12 which are spatially
separated along the separation channel 4. In another mode of use, the sample plugs are

introduced sequentially into one of the ports 6, 8, 10, 12 so as to be time spaced. The signals



enhanced regions in space-tinme co-ordinates is particularly suited to the
cases of nultiple sanple injections and nultiple colum correlation. The
power of W @®@/keghni que has been denonstrated on DNA sanpc@sgihiosssii ncl ude
| arge nunbers of fragments (>100) having |engths of one base pair

di fference, thereby providing a sequehting technique having a greatly

ext ended dynam c range. Fromthe determ nation of the vertices Vin the
space-tinme map M high resolution of the __electrophoresi ata i s_achieved,
al | owi n%y, S¢ Sur.at 8« deeeedby thei dstectar 16196 thedPJ t@l’“@%‘%? t}ierdee?ecglﬁgr%]le@,e;?%rrponent s
as illustrated.,in Fi. 6 e < I I TRehEbEs S
appar ataﬁgﬁet e?%cgaﬁgﬁ%:lggﬁﬁ’ ézanbl"é’g{"ﬁg%‘?o#g&? ﬁgy asgi %tgfi?@{rggm nat i on? A T,
G and Ggpel 19 fiewdbrriimes thchrehihsineloshik o1yvo,1v3, use, offtbeisanslerppaperientss

i sing DNA bands having different |ength apgd f b '
o1 i natSSor NI Sceb B SLARPeSEpSyiabkr PLpnerBagCUt THED TnS ort Sp, s,
10, 12 %{9 _r&Fbﬁs BERUAE] PO Ranng, dp, 9_[‘§P,1('3'1|n€‘d3§efsoééb&rdﬁfg! to@lokninal veloeiny.

t her eal usé€, the ~sanple plugs are introduced,
si mul t angoetpliphabedpace-timepnag serrat;, 20lben ddeninestthalasakpatimalof the signghr at ed

e i npsbESEadTscHent S Tyt HEBAlsNb Ssfon e opeecho s H§aTRIRe 0TS b

time sp i : b’%ﬁdg 7 SR hOBRBdes V4 Bl VeS¥coBthe ...
S. det egpt%g%tlg% t he dglﬁlg?te}g?(%ééégﬁttﬁee% bands PassS tﬁe gi-et§%fi ngPeI enent s
b

at. t hedetetsndd logal paisima fomsachlof the grouped sets of signgl eaks 81| Yt he data
col lector 18. . The vel.ocit .sarter, 19 .t : 0. RES i h 1

vel oci t fbfélS\Ff’,b"Q/?’?er&é}}e S.P?‘ge,'“{}‘r‘? il WECIEQ%@P‘S‘B‘Z%{‘T%ST tVtsT Qé{ggg%?gdt“éd Wi th
each Of’satnlftﬁe plugf¥erenRplateBPihjeciiPint oIS separation Shammnef 4.t dach beigpaltsbBahle S2,  S3,
... , Sn "and groups those_si gnal peaks SP1, 85_2 SP3 . SP, .into sets
accor di tgDNA. taofs having eneoef thy base gy t@aﬂp%fﬁ%é pScadG I thisVaye e at or 20
then debﬁ‘\fﬁ{nsa'}lr?pﬁe bd1eod &ﬁﬁénc@h,%ﬂﬁt}%fleﬁéfﬁs SFHOPINA bands being determined from

the migration velocities.

Finally, it will be understood that the present invention has been described in its preferred
embodiment and can be modified in many different ways without departing from the scope

of the invention as defined by the appended claims.



peaks SP1, SP2, SP3, ..., SPn of the signals Si, S2, S3, ... , Sn, and
gener ates an equi phase space-tine map M The vertex finder 22 then
identifiegghawertices VA, VI, VG Vc. of the determ neddiacediosrgli ma for
each of the grouped sets of signal peaks SP1, SP2, SP3, ..., SPn. 1In this
enbodi ment the space-tine map Mincl dfles four vertices VA, VI, Vo, Vc as
four sanple plugs were separately injected into the separation channel 4,
each being attributable to DNA bands having one of the base pair
termnations A, T, Gand C. In thi€LMMS the DNA sanple can be sequenced,
with the | engths of the DNA bands being determned from the mgration
velocities. Finally, it will be understood that the present invention has

been dgscri BadinksisisystBigbeed8tng estbosihantofandvelatitieeofmidirdtingbbjestsyany
different ways w thout departing fromthe scope of the invention as
defined by témepappEnded cl ai ns. WO 02/ 12877 PCT/ GBOLl/ 03281 15 CLAIMS 1.

An anal ysi s _syste j 21| Q0+ RGIdresniki
m grating onS %Cttegt{&é %ﬁ%gﬁé}%{ﬁgﬁ)r%%}é%é@ﬁ %dﬁggﬁ% %ggﬁlﬁlgﬁ r%%r Sen“e,? ating a
space-ti me ghfheQfgnpbpduks of siphiflsésitatd mea plofalityhef spacpdglosppaksindf  si gnal s
detected at a plurali é‘y of spaced positions; _and a vertex finder. for

fA

i denti fying aé{_f‘vrt?’ieﬁ_%‘ief EldgRtymg af ké?ﬁqnﬁé’eg%ﬁénﬂhﬁépq?_ﬁﬂmmﬁ Withgi g e
vertex bei ngig %e\{[%hﬂgﬁ 'b@\‘il.gfi@éntl‘fiﬁff rgé[aﬂ‘ne‘groﬁ oP BbREts haliY la G nitn B Baint

constrai nt velocities o ob] ect's being determ nable fromthe
sets of poi lanctth'ewetdwﬁiessqﬁdmeolﬁéatmbahag)damm@frdmfgeSQtS phpoinsspélst i ve

bj t fitted to th ti t . 2. . Th { -al 1,
ohlecte 85 Lttt QLSRR LYGe G afir R R ihel

vertex.

2. The system of claim 1, further comprising a velocity sorter for determining the
nominal velocities associated with the signal peaks in the signals and grouping those

signal peaks into sets according to nominal velocity.

3. The system of claim 1 or 2, wherein the space-time map generator is configured to
utilise a corrected time component in generating the space-time map according to a

function of the electric current variation. -

4. The system of claim 3, wherein the correction is according to the function t. =
[Io/I(t*)dt’ in the range of 0 to t, where t is the measured time, t. is the corrected time,

I is the measured current and I is the reference current.

5. The system of any of claims 1 to 4, wherein the space-time map generator is an
equiphase space-time map generator for generating an equiphase space-time map of

equiphase points.

6. The system of claim 5, wherein the equiphase space-time map generator is
configured to transform each data set into a set of local slopes and determine the

local minima as the minimum absolute local derivatives.



nom nal velocities associated with the signal peaks in the signals and
groupi ng those signal peaks into sets according to nomnal velocity. 3.

The syst ewgafy8sai m1 or 2, wherein the space-tine map gengra¢Byl/o3as1
configured to wutilise a corrected tine conmponent in generating the
space-time map according to a functilén of the electric current variation.
4. The systemof claim3, wherein the correction is according to the
function t, _ Jlo/l(t')dt' in the range of 0 to t, where t is the neasured
time, tc is the corrected tinme, | is the neasured current and lo is the

referepce C‘”l*héggﬁem%f aﬁ?@f NiBMoY. viHYeif theCdtRdciBark nbit14bel I¥IE6;84:5. t he

space-tinme map generator 1s an equi phase space-tine map generator for
generating an equi phase space-tine map of equi phase points. 6. The system

of claim5, wherein the equi phase space-ti.nme nmap generator,.i configured

to trafsfor iES¥HeHAIENEQ &P'rﬂso“é’éé‘fa}"eb?m F‘&c%hle‘gﬁ %Béag’e@ﬁcgoﬂg‘?t&rm ne the

| ocal mnima as the m ni num absol ute | ocal derivatives. WO 02/12877

PCT/ GBO1/ 03281 16 7. The systemof any of clainms 1 to 6, wherein the

obj ect 9. ar e Thensystameiflasy obtpieus kto 8,8vheTdin theyatjents ot migiptestthedughes 1 to 6,

wherein the objects are | abelled objects. 9. The system of any of clains 1
to 8, wherei an{rwg objects are mgrated through a channel. 10. The system
of claim9, wherein the channel conprises a separation channel through

which the objects are electrophoretically driven. 11. The system of any of
cl ai ns 19. t o The sysig@raficipinife whbjeircths ch FRmPLSRPSARIAIOT ¢hapnel dhreughinpi e.

which the objects are electrophoretically driven.

11.  The system of any of claims 1 to 10, wherein the objects comprise components from

one sample.

12.  The system of any of claims 1 to 10, wherein the objects comprise components from

a plurality of separate samples.

13.  The system of any of claims 1 to 12, wherein the objects comprise molecular

components.

14.  The system of any of claims 1 to 13, wherein the objects comprise polymeric

components.
15. The system of claim 14, wherein the components comprise DNA bands.

16. A method of enabling determination of the velocities of migrating objects,
comprising the steps of:
generating a space-time map of points representative of the signal peaks of signals
detected at a plurality of spaced positions; and
identifying at least one vertex from the space-time maﬁ, with a single vertex being

identified for each group of objects having a common constraint and the velocities of



12. The systemof any of clains 1 to 10, wherein the objects conprise
conponents from a plurality of separate sanples. 13. The system of any of
clainms 1 @ obAzsmherein the objects conprise nolecular comaeenicsg1ld. The
systemof any of clainms 1 to 13, wherein the objects conprise polyneric
conponents. 15. The system of claim 14 wherein the conponents conprise DNA
bands. 16. A nethod of enabling determ nation of the velocities of

m grating objects, .conmprising the steps of:; generating a space-time map of

points repr eé‘%ﬁ?lﬁ?tﬁ\b@ngjdefeﬁ‘@‘@]’lﬁgﬁ?"f el qffpo théﬁ?pagS’?’é%etD@ap at a

plurality of 3RacedifAS!hd &F&éai@é‘tgbejb&@%ﬁ&ydt&h@}es &Rk veRex. vertex fromthe
e ver

space-ti ne nmap, th™a sing X being i1dentitied for each group of
obj ects having a comon constraint and the velocities of WO 02/12877

PCT/ GBOL/ 03281 1 he object ei ng det erm nabl romt.he sets .of, points
in the Shacell§ ’ﬁﬁtﬁﬂéﬁ?d@g{‘ iés%ﬁﬁ i 99 pt”émlgﬁg% PIERY celtW"BB%gEetnsc’%élgalfi tted to
the respect i ygoyigdst®ociatdd wﬁﬂﬁlé@gmge&!‘s i HRi 18 nhfs and Wrbiliifie €OEPERAAING t he
steps of determmning the nomnal ~velocities associated with the signal
peaks in thepekgingd scthaorting o nogninglostocttygnal peaks into sets according
to nomnal velocity. 18. The nethod of claim 16 or 17, wherein a tine
conponent corrected according to a function of the electric current

variatig) i STH ibth6@8f LRI EHBF a7, witeréinQ thR@edmpdnat darfectedd@corling tomt hod of
claim 18, wherein the correction is according to the function

] . i i ng, | t,; =
Jio/1(t")dt" funptianef the plgetrigrunentyapiatiqmispalised 18 geperatiB theSeacerive Mape | s
the corrected tine,

19.  The method of claim 18, wherein the correction is according to the function t. =
[To/I(t")dt’ in the range of O to t, where t is the measured time, t. is the corrected time,

1 is the measured current and I is the reference current.

20.  The method of any of claims 16 to 19, wherein the space-time map is an equiphase

space-time map of equiphase points.

21.  The method of claim 20, wherein the equiphase points are determined by
transforming each data set into a set of local slopes and determining the local minima
as the minimum absolute local derivatives.

22.  The method of any of claims 16 to 21, wherein the objects are non-labelled objects.

23.  The method of any of claims 16 to 21, wherein the objects are labelled objects.

24.  The method of any of claims 16 to 23, wherein the objects are migrated through a

channel.

25.  The method of claim 24, wherein the channel comprises a separation channel

. through which the objects are electrophoretically driven.



| is the measured current and lo is the reference current. 20. The nethod
of any of clains 16 to 19, wherein the space-tine map i s an equi phase

space-ti myg®@p29f equi phase points. 21. The nmethod of cl aippZ@soigyiei n t he
equi phase points are determned by transform ng each data set into a set

of local slopes and deternmining the IBcal ninima as the mininum absol ute
| ocal derivatives. 22. The net hod of any of clains 16 to 21, wherein the
obj ects are non-I abel | ed objl 23. The nmethod of any of clains 16 to
21, whé¥ei n TheemgBpeet aypie q"&béﬁlt%a5dblfeé?}9§he 460 HOFPGREhy of
clal ms 16 t G&ddon g\/@ﬁ@bn the objects are mgrated through a channel. 25.
The et hod of cI alm 24, wherei n the channel conprises a separation channel
t hrough which the objects are el ectrophoretically driven. WO 02/12877
PCT/GBOl/03281 1 6, The nmet hod of any af cI ns 16 to 25, wherein the
obj ect s2conptiesae Sﬁiﬁ%ﬁﬁ’rﬂfs"la"ﬁﬁéﬁﬁ%ﬁé \gémjpéhe FECtSTHINPRASHFOPRSPERy  of

clains 16 tordRa Mﬁﬁ%‘&sé{;{?‘?at@?&rﬁ@?. conprise conponents froma plurality

of separate sanples of any of clains 16 to 27, wherein the
obj ect s corrprl se nol ecul ar conponents. 29. The nethod of any of clains 16

of ol aidH 20, EPBPR oL Y FoTBRaRT ZBoWFrechen e g o gfar "

el ect rophore&;nﬁ)oggﬂgr atus including the systemof any of clains 1 to 15.

29.  The method of any of claims 16 to 28, wherein the objects comprise polymeric

components.
30.  The method of claim 29, wherein the components comprise DNA bands.
31.  An electrophoresis apparatus including the system of any of claims 1 to 15.

32.  An analysis system for classifying migrating objects into groups each having a
common constraint, comprising:
a space-time map generator for generating a space-time map of points representative
of the signal peéks of signals detected at a plurality of spaced positions; and
a vertex finder for identifying at least one vertex from the space-time map, with a

single vertex being identified for each group of objects having a common constraint.

33.  The system of claim 32, further comprising a velocity sorter for determining the
nominal velocities associated with the signal peaks in the signals and grouping those

signal peaks into sets according to nominal velocity.

34.  The system of claim 32 or 33, wherein the space-time map generator is configured to
utilise a corrected time component in generating the space-time map according to a

function of the electric current variation.



32. An analysis systemfor classifying mgrating objects into groups each
having a conmmon constraint, conprising: a space-tine nmap generator for
gener ati nggapppgce-ti nme map of points representative of tha/Seanadisipeaks
of signals detected at a plurality of spaced positions; and a vertex finder
for identifying at |east one vertex f}fbmthe space-time map, with a single
vertex being identified for each group of objects having a common

constraint. 33. The S}/stem of claim 32, further @ongri Siiﬁﬁg a velocity
sorter Yor deesysiemioglamevkeres theeppestionds acrordas &8 Bg TR  ine si gnal

peaks I thay siORAlS /il GHPIID WSS, (rSiANRrel SRS /101 ORBiedGRR di N

to nom nal y e systemof claim32 or 33, wherein the
space-ti nme rdpthgenasatedcutrsntcmdil guherkfdrenceutulense a corrected tine
conponent in generating the space-tine map according to a function of the
electric current variation. WO 02/12877 PCT/GBOL1/ 03281 19 35. The system

of clai 341Tm§gt@inrbftahg o?egaﬁlgs:g% 9@35‘,%@9&9% Pcd-Qmeheag géﬂgxtai:c_ﬁris i

Jio/I(t")dt' Iin"the range o eret IS the measured tinme, tc is

t he corr ect edjuiphaw, spate-timetrhap garamtorddr generating aarequipbajespatretime mapeice
current. 36. The systemof any of clainms 32 to 35, wherein the space-tine
map gener at of4YIP: a%??/f’m a'ui phase space-tinme map generator for generating an
equi phase space-tinme map of equi phase points. 37. The system of claim 36,
wherein the equi phase space-tinme nmap generator is configured to transform
each da3h sefhe systemeofqdaimod6, vdisedin Hlemguiphasespdes-EMeinP E96ratTdgal mni ma as

t he m ni mum absol hvat i ) f -of  clains 32
e, T A 950k B KTy iy SRyl athiog
local minima as the minimum absolute local derivatives.

38.  The system of any of claims 32 to 37, wherein the objects are non-labelled objects.
39.  The system of any of claims 32 to 37, wherein the objects are labelled objects.

40.  The system of any of claims 32 to 39, wherein the objects are migrated through a

channel.

41.  The system of claim 40, wherein the channel comprises a separation channel through

which the objects are electrophoretically driven.

42.  The system of any of claims 32 to 41, wherein the velocities of the objects are

determinable from the points in the space-time map as fitted to the respective vertex.

43.  The system of any of claims 32 to 42, wherein the objects comprise molecular

components.

44, The system of any of claims 32 to 43, wherein the objects comprise polymeric

components.



39. The systemof any of clains 32 to 37, wherein the objects are |abelled
obj ects. 40. The systemof any of clains 32 to 39, wherein the objects are

m gr at ed Hygauagr7a channel. 41. The system of claim40, weari€sd oz
channel conprises a separation channel through which the objects are

el ectrophoretically driven. 42. The s3stem of any of clains 32 to 41,
wherein the velocities of the objects are determnable fromthe points in
t he space-time map as fitted to the respective vertex., .43, The system of
any of 45 ai he3yster of Elaigyfds wihereiihe sppereptvenmiriss OB baeH ar  conponent s.
44. The system of any of clains 32 to 43, wherein the objects conprise
polymeric conponents. WO 02/12877 PCT/ GBOLl/ 03281 20 45. The system of

claim 4. whekrthoddfelseffiog aniatisoopedts htOi¥oupasath hathhg a’comendiod of
classifying mgrating objects Into_groups each having a common constraint,
conpri si ng tRESERRpeOmPrIGRshtestpnglia space-time map of points

representat i%éﬁeﬁfin%ggpaﬁjggﬁﬁél Pgﬁﬂi(ﬁoimcslrgﬁrg%{zﬁive %?Hf%%‘i@?l flak@oPlighad i ty of

spaced posi tions; yl ng at ast one verte romt he Space-tine
map, W th a deievtddent agpldreltyldispared pdstionst aedl f or each group of objects
having a co n.constraint. 47. The nethod .of claim46, further, conprising
the steps o%’é@?’ﬁi%{eﬁﬁ Ot“ﬁé(eﬁ.?}hgﬂlﬁltﬂg?)@f’ﬁ'@mei%%p’ggg’cﬂ:%'%lgdeth%el?gne si gnal
peaks in thegsjignalsr @d&ﬂgﬂla_deB AsRSRgS @adhon B8Rk Eint. Nt 0 sets according
to nom nal velocity. 48. The nethod of Claim46 or 47, wherein a tine

conponent corrected according to a
47.  The method of claim 46, further comprising the steps of determining the nominal

velocities associated with the signal peaks in the signals and grouping those signal

peaks into sets according to nominal velocity.

48.  The method of claim 46 or 47, wherein a time component corrected according to a

function of the electric current variation is utilised in generating the space-time map.
49.  The method of claim 48, wherein the correction is according to the function t. =
[To/I(t*)dt’ in the range of O to t, where t is the measured time, t. is the corrected time,

I is the measured current and I is the reference current.

50.  The method of any of claims 46 to 49, wherein the space-time map is an equiphase

space-time map of equiphase points.

51.  The method of claim 50, wherein the equiphase points are determined by
transforming each data set into a set of local slopes and determining the local minima
as the minimum absolute local derivatives.

52.  The method of any of claims 46 to 51, wherein the objects are non-labelled objects.

53.  The method of any of claims 46 to 51, wherein the objects are labelled objects.



function of the electric current variation is utilised in generating the
space-tine map. 49. The nethod of claim48, wherein the correction is

accor di ngwignaiihgr7f unction tc = Jlo/1(t")dt' in the range afctilck@lozgahere t
is the neasured tinme, t': is the corrected tine, | is the neasured current

and lo is the reference current. 50. Zfthe nmet hod of any of clains 46 to 49,
wherein the space-tinme map i s an equi phase space-tinme map of equi phase
points. 51. The net hod of claim 50, wherein the, equi phase pojnts are

det er nidfied Bie methatkofoniiof glatae#d tpa33 wherein thegbieckare granaisdahroughpes and
determ ni ng B%%e#ocal mnima as the m ni mum absol ute | ocal derivatives.
52. The netfod 6 any of clains 46 to 51, wherein the objects are

non-| abel |l ed objects. 53. The nethod of any of clains 46 to 51, wherein
the objects are | abel|ed objects. WO 02/12877 PCT/ GBOLl/ 03281 eil 54. The
met hod 36f a@‘e@feﬂ&qda?ﬁﬂalﬂbs‘{b@’hs@,mW?élhéli‘riﬁlﬁﬂ@%%ﬁséé?%ar%‘%’ ABP%t ed t hrough

a channel. .83, }’T%‘%Hﬁfr’%g'gﬁ%ﬁ‘%lc 'cgpﬁgﬁore tyeH'rR,e];Lhe channel conprises a

separation cﬁgn e obj ects are el ectrophoretically
driven. 56. The nmethod of any of clains 46 to 55, wherein the velocities of

the objects_are deferm nagble fromihe points in the space-tine map as

et ed o ¢ e ool o elbms 46 Tobe, Rge Tbta oS A Rofbts L e 46 to 56,
wher ei n 1 he 4eRiAfhLBITRIR thefoim® iBGH spdce-tHRERAP @8 Fifted RBthe IiiBediRERRHAeRl any
of clainms 46 to 57, wherein the objects conprise polyneric conmponents. 59.

The met hod of claim 58, wherein the conponents conprise DNA bands:

57..  The method of any of claims 46 to 56, wherein the objects comprise molecular

components.

58.  The method of any of claims 46 to 57, wherein the objects comprise polymeric

components.
59.  The method of claim 58, wherein the components comprise DNA bands.
60. An ellectrophoresis apparatus including the system of any of claims 32 to 45.

61.  An analysis system for enabling determination of the velocities of migrating objects
substantially as hereinbefore described with reference to the accompanying

drawings.

62. A method of enabling determination of the velocities of migrating objects
substantially as hereinbefore described with reference to the accompanying

drawings.

63.  An analysis system for classifying migrating objects into groups each having a
common constraint substantially as hereinbefore described with reference to the

accompanying drawings.



60. An el ectrophoresis apparatus including the systemof any of clains 32
to 45. 61. An analysis systemfor enabling determnation of the velocities
of m gratwam2abgects substantially as herei nbefore descripggadgréiiod2st
reference to the acconpanying draw ngs. 62. A nethod of enabling

determ nation of the velocities of megfating objects substantially as

her ei nbef ore described with reference to the acconpanying draw ngs. 63. An

anal ysis system fo | assifying migrating objects into.groups each having a
comon %bnst é{_lq{{xoégﬁgfsgﬁylp&mlgraggg H&eéﬁsg‘ﬁeﬁql@sﬁé 3V PROPef erence to
t he aCC_O”pa&}Hsﬁﬂn%Lﬁ)‘élagﬂ;ﬂ} ARG E GeRrbe iR 1OR G tPthe64. A method of

classifying mgrating objects 1nto groups each having a conmon constraint
subst ant i al | sccampheyisg diaefingse described with reference to the acconpanying
dr awi ngs.



