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BACKGROUND OF THE INVENTION

Field of the Invention

10001}  The present mvention relates to photo-optical measurement of cuvette contained
samples, and more particularly to precise positioning of cuvettes in a multi-cuvette system, the

samples undergoing depth-resolved laser-induced fluorescence testing.

Deseription of the Related Art

{6002]  Depth-resolved laser-induced {fluorescence weasurcroent has seen use measuring
concentrations of fuel mixtures. Measurements involve iluminating a sample with a laser and
raeasuring the fluorescent emissions of the sample. Such an apparatus is ofien set up for the
testing of individual samples. Industry usage of such a technique often requires the ability to
quickly test many samples m an efficiont manner. While the provious apparatus and methods
provide excellent results, it would be advantageous to accurately iHuminate multiple samples in a

time efficicnt manner,

{8003]  There exist a number of systems for handhng of biological or other samples for mult-
sample testing. These systems often have specific biological purposes and the level of precision
in the handling of saraples can vary greatly between systems. Further, there exist many auto
sampling systems carrying multiple sample containers.  These systems often suffer from
accuracy and repeatability issues as they do not address the considerations of the precise

positioning of individual sample containers for repeatable position testing of multiple samples. It
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would be advantageous to develop a sysiemn that ensures precise positioning and therefore

establishes repeatability of testing multiple samples.

{6004]  Other auto sampling systems consist of multi-sample containers or multi-sample cards
that carry the mdividual samples in a plurality of sample test sites within one container. These
systems may employ fluorescence or other testing where the nmmltiple samples in the sample
containers may be dluminated and tested simultancously. These multi-sample based containe
management systems lack elements that provide a precise geometric location of the sample being
tested, It would be advantageous to provide a system that addresses the precise geometric

location of the samiple.

{8005 Many multiple sample testing systems exist.  Often the systems have similar
iimnitations to the systers described above, such as: a systern useful for testing only one sample
at a time; a multi-sample system that does not have elements providing for the precise geometric
location of a sample within the testing apparatus; and a multi-sample system that docs not
provide for geometric positioning of a sample beyond the apparatus conveying the sample. The
present invention seeks to improve upon the described systems by addressing these issucs as well

as others.
SUMMARY OF THY INVENTION

{0006] The current invention provides a cuvette positioning system that is efficient and accurate
for performing depth-resolved laser-induced fluorescence measurements on cuvette-contained
industrial fluid samples. Fluid samiples can include gas, Hguid, or combination gas and liqud
cuvette-contained sarples. This cuvette positioning system can additionally be applied to other
sample types, can use other light sources and can be used for other photo-optical measurements

such as absorption, transmission and nterferometry.

16607} In one embodiment of the invention, the cuvetie positioning system provides an apparatus
for positioning cuvettes into precise geometrical positions within a photo-optical measuring
station. The apparatus compriscs a rotatable carousel assernbly for carrying multiple cuvettes in
a loose-fitting manner and a separate positioning arm assembly for locking the cuvettes,
individually, in the same precise orientation and location with respect to a precisely positioned
shit for use in comparative photo~optical measurements. The apparatus additionally comprises a

linear stage that permits the whole rotatable carousel assembly and the positioning arm assembly
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to be moved aloug a linear axis i relation to the fixed shit. The apparatus makes it possible to
perform absolute and comparative photo-optical measurements on multiple samples in different
selectable depths, the depths being sufficiently precise for photo-optical measurcments such as

depth-resolved laser-induced fluorescence measurements.

Brief Descrintion of the Drawings

10008] So that the manner in which the above-recited features, aspects and advantages of the
invention, as well as others that will become apparcut, are attained and can be understood in
detail, more particular description of the invention briefly summarized above may be had by
reference to the embodiments thereof that are lustrated in the drawings that form a part of this
specification. It is noted, however, that the appended drawings illustrate only preferred
embodiments of the mvention that are, therefore, not to be considered hmiting of the invention’s

scope, for the invention may admit to other equally effective embodiments.

{6009] FIG. 1 is a schematic view of the cuvette positioning system showing the carousel
carrying multiple cuvettes, the translational stage and the positioning arm in accordance with an

embodiment of the present invention.

{8018} FIG. 2a and FIG. 2b arc top view diagrams showing the linear movement of the cuvette
positioning system, the direction of light frow the excitation source and the corresponding
fluorescence enussions through the stationary slit in accordance with an embodiment of the

present invention,

10011} FIG. 3 s av exploded schematic view of the motorized rotation stage assembly without
the cuvette positioning arm in accordance with an embodiment of the present invention.

{0012] FIG. 4 1s a rear schematic view of the cuvette positioning arm and cuvelle positioning
arm post in accordance with an embodiment of the present invention.

{6013} FIG. 5 s a front schematic view of the cuvette positioning arm in accordance with an
embodiment of the present mvention.

{0014} FIG. 6 is a rear schematic view of the cuvette positioning arn in accordance with an

embodiment of the present imvention.
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{6015} FIG. 7 s a schematic view showing the fittuent of a cuvette as positioned in the carousel
and held by the cuvetie positioning arm in accordance with an embodiment of the present
invention,

18016} FIG. 8 is a schematic top view showing a cuvette as positioned n the carousel and held

by the cuvette positioning arm in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

{0017}  Figure 1 illustrates an embodiment of a cuvette positioning system.  The cuvette
positioning system has motorized translation stage 10 which provides for Hinear movement of the
cutire cuvette positioning systern, Motorized rotation stage assembly 20 1s attached to motorized
translation stage 10. Motorized rotation stage assembly 20 uses a motor to position cuvettes 30
around central shaft 24. In this embodiment, cuvettes 30 have a square shape. An individual
cuvette 30 1s held i precise geometric onentation by cuvelte positioning arm 40, Cuvette
positioning arm 40 is connected to cuvette positioning arm post 42, Cuvette positioning arm post

42 1s further connected to motorized rotation stage assembly 20,

{0018] Figures 2a and 2b dusirate an embodiment of the cuvette positioning system, showing
two positions within the linear movement of the system. In this embodiment, motorized
iranslation stage shown by 10a and 10b has positioned cavette 30a and 30b in two different
iinear locations. Cuvette 30a and 30b demonstrates the cuvette being fluoresced by excitation
fight source 66a and 66b. Excitation light source 66a and 66b generates excitation light beam
62a and 62b, which lluminates the sample in the cuvette 30a and 30b and causes fluorescence
emissions 64a and 64b. Fluorescence cnussions 64a and 64b are measured as they come out of
stationary slit 60a and 60b. Motorized rotation stage assembly is moved linearly by motorized
translation stage 10a and 10b in relation to stationary slit 60a and 60b to allow fluorescence

erissions measureruents Lo be taken at varying depths of the cuvetie 30 contained sample.

{0019}  Figure 3 tlhustrates an exploded view of the motorized rotation stage assembly with
translation stage 10 and without the cuvetie posttioning arm.  Translation stage 10 connects to
translation stage platform 12 that provides linear movement substantially along one axis with
respect to the light source as described in Figure 2 above. The motorized rotation stage assembly
inclades the carousel rotation parts and the cuvette positioning arm asserubly, which are both

attached to motorized rotation stage assembly connection plate 28, Motorized rotation stage
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assembly connection plate 28 s further attached to motorized translation stage 10, The carousel
rotation parts begin with motorized rotation stage base 26, which houses the motor that rotates
the carousel through connected motorized rotation stage top plate 29, Motorized rotation stage
top plate 29 attaches to carousel support plate 25 having positioning bolt 27 for alignment with
cuvette support plate 23 having connection part 21 that connects to cuvetie holder plate 22.
Cuvette support plate 23 positioned to rest against each cuvettes lower wall and provide vertical
support to the cuvettes. Central shaft 24 goes through the center of the carousel and serves as a
central axis about which the carousel revolves. Positioning bolt 27 serves the dual function of
allowing the carousel to fit in a predetermined orientation and of providing the means for
anchoring the carousel to the rotation stage during rotation. The carousel rotation s driven by a
motor in motorized rotation stage base 26 that connects to and is capable of turning the carousel
int both directions. The rotation of the carousel allows the carocusel contained cuvettes, as shown
in Figure 1, to rotate into a precise position set up to be illuminated by a fixed position light

source, as shown in Figure 2.

{0028]  Figure 4 iHlustrates another embodiment of the cuvette positioning arm assembly. The
cuvette positioning arm assembly consists of cuvette positioning arm 40 connected to cuvette
positioning arm post 42, The cuvetie positioning arm assembly bolts to motorized rotation stage
assembly connection plate 28 as illustrated in Figure . This connection allows the cuvette
positioning arm assembly to move together with the carousel using the hinear stage. Continuing
with Figure 4, cuvetie positioning arm 40 has numerous compounents to aid i the precise
positioning of cuvettes. Lip spring 48 is held in place by lip spring holder plate 43. Lip spring
48 allows positioning lip 44 to pivot away from and then back towards the carcusel wheun the
cuvette in the carcusel shides in front of positioning lip 44 on its way to being locked in the
accurate position for measurement. Lip spring 48 achieves this movement by applying tension
against positioning lip 44 so that when a cuvette in the carousel slides in front of positioning lip
44, postitoning lip 44 13 under greater tension from lip spring 48 such that positioning lip 44
moves back towards the carousel as the cuvette slides past positioning lip 44. Cuvette spacer
plate 45 sits between cuvette positioning arm 40 and cuvette end stop 46. Cuvette end stop 46
prevenis the active cuvette in the testing position of the carousel from moving upwards once
iocked into place by cuvette positioning arm 40. Cuvette spacer plate 45 advantageously aliows
for cuvettes of varying heights to be used in the system. Cuvette arma holder plate 47 serves to

attach cuvette posttioning arm 40 to cuvette positioning arm post 42.
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{60211 Figure 5 illustrates a front view of the positioning arm asserubly described 1n Figure 4.
Positioning arm 40 is shown without the cuvette spacer plate, cuvette end stop and cuvetie arm
holder plate that were described and shown n Figure 4. A front view shows the unique shape of
positioning lip 44 that allows for the accurate positioning of an individual cuvette. The
positioning lip 44 has two tongues 41 on a front side of the positioning lip 44 and a rounded edge
on a lateral side of the positioning lip 44. The positioning piece s attached to the bulk of the
positioning arm in a manner that leaves the two tongues 41 protruding at the front of the
positioning lip 44. The two tongues 41 act as a vertical border which aligns one of the four
sidewalls of the cuvette, The rounded edge of the positioning lip 44 acts as a hinge about which

the positioning lip rotates when it becomes pivoted away from the carousel.

{6022]  Figure 6 illustrates a rear view of the positioning arm assembly described wn Figure 4.
Positioning arm 40 is shown without the cuvette spacer plate, cuvette end stop and cuvetie arm
holder plate. A rear view shows the unique shape of positioning lip 44. Lip holder plate 43

holds lip spring 48 in place which provides tension against positioning lip 44.

{8023}  Figure 7 illustrates a front view of the cuvetie positioning arm assembly holding the
active cuvetle in the tfesting position of the carousel in a precise geometric position for
measurement. Cuvette 30 is held in place by the cuvette positioning arm assembly as described
previcusly. Cuvette end stop 46 prevents upward movement of the cuvette, heiping maintain the
precise geometric position the cuvette positioning arm secks to achieve. Cuvette positioning lip
44 1s held by cuvetic positioning arm 40 and tensioned by the lip spring, not shown, against
cuvette 30. The particular shape of positioning lip 44 determines the precise geometric position
of the cuvette in relation to the mmcoming cxeitation light beam. Cuvetie holder plate 22 has
flexible springs 39 that allow for the varying positions that would be imposed by a cuvette
positioning lip having a different tongue shape. Flexible springs 39 can be rectangular in shape,
st flush with cuvette holder plate 22, engage with the sides of the cuvette sitting in cuvetie
holder plate 22 and serve to bias the position of cuvettes to a substantially perpendicular position
in relation to cuvetie holder plate 22, Over time, flexible springs 39 of cuvette holder plate 22
may weaken and allow more movement of individual cuvettes within cuvette holder plate 22, In
regard to the potential added movement of individual cuvettes within the carousel, precise
geometric positioning can still be achieved for cuvettes undergoing measurement as described in

regard to Figure 4 by the cuvette positioning arm assembly.
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{6024]  Figure R illustrates a top view of the ewbodiwent described wn Figure 7 above.
Cuvette 30 is held in place by the cuvette positioning arm assembly as described previously.
Cuvette end stop 46 prevents upward movement of cuvette 30, Cuvette positioning lip 44 1s held

by cuvette positioning arm 40 and tensioned by Iip spring 48 against cuvette 30.

{8025}  The operation of an embodiment of the cuvette positioning system proceeds as follows
in regard to the positioning arm assembly as described n Figures 1-8: the carousel carrying the
cuvettes rotates clockwise to switch next in line cuvette into the measurerent position. As the
individual cuvette to be measured reaches and presses on the protruding tongues 41 of the
described positioning lip 44, it causes the positioning lip 44 to pivot away from the carousel
allowing the cuvette to pass over the protruding tongues 41, After the new cuvette crosses to the
lateral side of the tongues 41, the carousel is made to rotate counterclockwise at a small angle
until one side of the cuvette touches and slightly presses on the tongues 41 from the lateral side.
The umque design of the positioning lip 44 constrains the cuvette from pivoting backward when
the tongues 41 are pressed from the lateral side, this causes the cuvette to be cornered parallel to
the tongues 41. The way the cuveite 18 cornered against the lateral side of the tongues 41
provides the sought optically precise orientation of the cuvette for measurement. In an
cembodiment the portion of the tongues 41 that contact the cuveties may be substantially parallel
to carousel ceutral shaft 24 such that the cuvettes are cornered substantially parallel to central
shaft 24, In another embodiment the portion of the tongues 41 that contact the cuvettes may be
angled or each tongue can be offset from each other such that the cuveties are comered at a
precise angle in relation to the carcusel central shaft 24. When the cuvette 1s in the measurement
position depth-resolved laser induced fluorescence or other photo-~optical measurements may be
performed to the cuvette contained sample. The cuvette can be transparent such that the laser
can enter the cuvette and cause fluorescence cmissions to emit oft of the sample and out of the
transparent cuvette towards measuring devices. In an embodiment these emissions can be

measured through a substantially stationary slit as described in Figure 2 or by other techniques.

{8026]  In addition to depth-resolved laser-induced fluorescence measurements, the described
embodiment could also be adapted for other photo-optical measurements such as absorption,

iransmission and interferometry.

{6027} While the invention has been described in comjuuction with specific embodiments

thereof, it is evident that many alternatives, modifications, and variations will be apparent to

2T
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those skilied 1o the art in light of the foregoing description.  Accordingly, i s intended to
embrace all such alternatives, modifications, and variations as fall within the spirit and broad
scope of the appended claims. The present invention may suttably comprise, consist or consist
essentially of the elements disclosed and may be practiced in the absence of an element not
disclosed, Furthermore, language referring to order, such as first and second, should be
understood in an exemplary sense and not in a himiting sense. For example, it can be recognized

by those skilled in the art that certain steps can be combined into a single step.

{0028] The singular forms "a", "an" and "the" mclude plural referents, unless the context clearly
dictates otherwise.

{8029} Optional or optionally means that the subsequently desecribed event or circumstances may
or may not occur. The description includes instances where the event or circumstance occurs

and instances where it does not occur.

{0030} Ranges may be cxpressed herein as from about one particular value, and/or to about
another particular value. When such a range is expressed, it is to be understood that ancther
embodiment is from the one particular value and/or to the other particular valie, along with all

combinations within said range.
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CLAIMS
What is claimed is:
1. A cuvette positioning system characterized by:

a motorized rotation stage assembly having a rotatable carousel assembly and a
positioning arm assembly, the motorized rolation stage asserably having a motorized translation
stage to linearly position the motorized rotation stage assembly in relation to an excitation light

SOUree;

the rotatable carousel assembly having a plurality of cavettes around a central shaft, each
cuvette of the plurality of cuvettes having a lower wall, an upper wall, a plurality of sidewalls, an

opening, and a cavity;

the plurality of cuvettes positioned in a cuvette holder plate within the carousel assembly,
the cuvette holder plate having a plurality of flexible spring tension arms set against the plurality
of sidewalls of the plurality of cuvettes, the plarality of spring tension arms biasing the sidewalls
of cach of the plurality of cuvettes towards a position substantially parallel with the central shaft,
thereby preparing the position of each cuvette of the plurality of cuvettes such that when the
rotatable carousel assembly rotates an individual cuvette of the phurality of cuvettes to a testing

iocation, the cuvetie positioning arm asserably can engage the individual cuvetie;

the cuvette posttioning arm assembly having a cavette positioning arm connected to a
cuvette positioning arm post, the cuvette positioning arm aligning an individual cuvette of the
plurality of cuvettes in a particular measurement position such that the plurality of cuvette
sidewalls are at a particular measurement angle, thereby setting the posttion of the individual
cuvette in the testing location such that the particular position of the individual cuvetie is
repeatable for each individual cuvette of the plurality of cuvettes when the each individual
cuvette is placed into the testing location by the rotatable carousel assembly.

2. The system of claim 1, further characterized by:

a cuvetle support plate conuected to the motorized rotation stage asserably and positioned
to rest against the lower wall of cach of the plurality of cuvettes, thereby supporting the lower
wall of each cuvette in the motorized rotation stage assembly and maintaining the vertical

position of each cuvette of the plurality of cuvettes within the cuvette holder plate.
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3. The system of claim 1, further characterized by:

a cuvette positioning lip connected to the cuvette positioning arm wherein the cuvette

positioning lip has a plurality of tongues.
4. The system of any of Claims 1-3, further characterized by:

a lip spring having a lip spring holder plate connected to the cuvette posttioning arm, the

lip spring holder plate pressing against the cuvette positioning arm.

5. The system of any of Claims 1-3, wherein the lip spring presses the tonguces of the cuvette
positioning lip against the cuvette positioned by the cuvette positioning arm assembly, thereby

causing the cuvette to be comered against the tongues in a particular position.
6. The system of any of Claims 1-3, further characterized by:

a cuvetle end stop connected to the cuvelle positioning arru assembly positioned to

prevent upward movement of the cuvette positioned by the cuvette positioning arm assembly.

7. The system of any of the preceding clairus, wherein the excitation light source is

characterized by a laser.
8. A cuvette positioning apparatus characterized by:

a rotatable carousel assembly having a plurality of cuvettes around a motorized central

shalft;

the plurality of cuvettes positioned in a cuvette holder plate such that a plurality of
cuvette walls of each of the plurality of cuvettes contact the cuvetie holder plate, the cuvette
holder plate conunected to the motorized central shaft, thereby allowing the cuvetie holder plate to
rotate cach of the cuvettes of the plurality of cuvettes around the motorized central shaft and into

a testing position;

a cuvetle positioning arm asserubly having a cuvette positioning arm connecled to a
cuvette positioning arm post located adiacent the testing position, the cuvette positioning arm
aligning an individual cuvette of the plarality of cuvettes in a particular measurement position
that 1s repeatable for each individual cuvette in the plurality of cuvettes when the cach individual

cuvette 1s rotated into the testing position.

10-
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9. The system of claim 8, further characterized by:

an excitation light source positioned to fluoresce a cuvette positioned by the cuvette

positioning arm in the testing position.
18, The system of claim R, {urther characterized by:
v 9 R

a cuvette support plate connected to the rotatable carousel assembly and positioned
against a lower side of each of the plurality of cuvettes to thereby support the cuvettes within the

carousel assembly,
11. The system of claim 8, further characterized by:

a lip spring and a lip spring holder plate connected to the cuvette positioning arm.
12. The system of any of Claims 8-11, further characterized by:

a cuvetie positioning lip connected to the cuvette positioning arm wherein the cuvette
positioning lip has a plurality of tongues, the tongues aligning an individual cuvette when the
cuvette is being held by the cuvette positioning arm assembly.

13, The gystem of any of Claims 8-12, wheren the lip spring presses the tongues of the cuvette
o o k [=2 »

positioning lip against the cuvette positioned by the cuvette positioning arm assembly, thereby

causing the cuvetic to be cornered against the tongues,

14, The system of any of Claims 8-12, further characterized by:

a cuvette end stop connected to the cuvette positioning arm assembly positioned to
prevent upward movement of the cuvette positioned by the cuvette positioning arm assembly.
15, The system of any of Claims 8-14, wherein the excitation light source comprises a laser,
16. A method of positioning cuvettes characterized by:

positioning a pharality of cuvettes around a central shaft of a rotatable carousel assembly,
the plurality of cuvettes positioned in a cuvette holder plate within the carousel, wherein the
cuvetie holder plate has flexible spring tension arms positioned against the sides of the plurality

of cuvettes;

~11-
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rotating the rotatable carousel assembly clockwise untdl a side of an wdividual cuvette of
the plurality of cuvettes presses against a plurality of tongues of a cuvette positioning arm

assembly such that the side of the individual cuvette passes over the plurality of tongues; and

rotating the rotatable carousel asserubly counterclockwise at a small angle until one side
of an individual cuvette of the plurality of cuvettes touches and slightly presses on a plurality of
tongues of the cuvette positioning arm assembly causiong the individual cuvette to be cornered
against the tongues thereby precisely positioning the individual cuvette such that the same

position can be substantially repeated for cach of the individual cuveties.
17. The method according to claim 16, further characterized by:

fluorescing with an excitation light source, the individual cavette of the plurality of
cuvettes cornered against the tongues by the cuvette positioning arm assembly, thereby causing
fluorescence emissions to project from a sample contained i the wndividual cuvette through a

stationary slit positioned adjacent the individual cuvette.
18. The method according to any of Clairus 16-17, further characterized by:

linearly positioning, by a motorized translation stage assembly, the rotatablc carousel
assembly and the positioning arm assembly in relation to the excitation light source.

19. The method according to any of Claims 16-17, further characterized by:

continuing to rotate the rotatable carousel assembly clockwise at a small angle until one
stde of an individual cuvette of the plurality of cuvettes further presses on the plurality of
tongues of the cuvette positioning arm assemmbly causing the tension of the spring tension arms of
the cuvette holder plate to be partially overcome, thereby causing the spring tension arms to flex

such that the individual cuvette is rigidly held against the tongues of the cuvetie positioning arm.

20, The method according to any of Claims 16-19, wherein the excitation light source is

characterized by a laser.
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