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AUTOMATED MICROBIOLOGICAL TESTING

APPARATUS AND METHODS THEREFOR

10

BACKGROUND OF THE INVENTION

15 This invention relates to the field of microbiological

testing.

Many conventional systems exist for performing tests on
microbiological samples related to patient diagnosis
20 and therapy. The nicroorganism samples may come from a
variety of sources, including infected wounds, genital
~infections, cerebro-spinal fluids, blood and abscesses.

From those microorganism samples an inoculum is
prepared in accordance with established procedures

25 which produce a bacterial or cellular suspension of a
predetermined concentration. Further processing of the
suspension may dépénd on the testing method employed.



From t hose m croorgani sm sanples an inoculumis prepared in accordance

wi th established procedures 25 which produce a bacteri al
suspensi orw0oPs8/&3301 predet erm ned concentration. Further
suspensi on may depend on the testing nethod enpl oyed.
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- 2- These systens are used, for exanple, for identification of
whi ch microorganisns are present in a patRent's . sanple. Typically, in
such systens, reagents are pl aced into cupules, or test wells, of
identification 5 trays, which in the presence of an actively grow ng

culture of m croorgani sns change col or. Based on the C

ol or_change, or
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Based on these test results, physicians can then, for

15 example, prescribe an antimicrobial product which will

be successful in killing or inhibiting the
microorganism. In particular, qualitative

susceptibility testing produces an indication of

whether a microorganism is resistant or sensitive to a

20 particular antibiotic, but does not provide an

indication on the degree of sensitivity or resistance

of the microorganism. On the other hand, quantitative

susceptibility testing, provides an indication of the

concentration of the antimicrobial agent needed to

25 inhibit growth of the microorganism. The term minimum
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inhibitory concentration (MIC) is used to refer to the
minimum concentration of the antimicrobial agent that

is required to inhibit the growth of the microorganism.

The systems have certain drawbacks. For example, when
performing identification and susceptibility testing,
the test trays are incubated at a controlled
temperature for an extended period of time. At
predetermined time intervals, the wells of the test
trays are individually examined for an indication of
color change or other test criteria. This can be a
long and tedious process if done manually by a

H



tenperature for an extended period of tinme. At predeterm ned tine
intervals, the wells of the test 35 trays are individually exam ned f

i ndi cat i orwe®8/53301col or change or other test criteria. This Egﬁllﬁgs’éoso"

| ong and tedious process if done nanually by a

- 3- technician. In addition, the incubation tinmes for
identification and susceptibility test tra&ys may differ, or the optinal
time to read a test result from the test tray may not be known in
advance. Thus, a 5 technician would need to read and record results for a
speci men at several different tipes, sonetines |on a art mhich e
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test trays are then noved to an inspection station. A light source
i s disposed &5&PEH-he tray and a pair of video caneras are di sposed
bel ow the tray at the inspection 25 station. Each video canera takes a
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and accurately are preferred.
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In this regard, a microbiological testing apparatus for
the automatic incubation and reading of microbiological
test trays is known. The test trays of this apparatus
have a plurality of wells which contain the samples or

20 agents to be tested. The trays are first placed in an
incubator for a predetermined amount of time. The test
trays are then moved to an inspection station. A light
source is disposed above the tray and a pair of wvideo
cameras are disposed below the tray at the inspection

25 station. EBach video camera takes a video image of an
entire tray. The video image signal of the entire tray
is sent to an image processor to be analyzed.

The image processor requires uniform lighting over the

30 inspection station. Consequently, the processor
records the background light level of each pixel within
an area of interest corresponding to each well of the
tray to account for variability in the light source.
The image processor processes the video image of the

35 tray and determines the number of pixels, for a
particular well, whose intensity exceeds a
predetermined threshold for that area of interest. If



The i mage processor processes the video inmage of the 35 tray and determ nes
t he nunber of pixels, for a particular well, whose intensity exceeds a
pr edet er miwedssszoeshol d for that area of interest. If PCT/US98/10504 , {
-4- t he nunber of pixels exceeds a predeterm ned nunber, a

positive result is assigned to that well. The inmage processor anal yzes
the binary partial results fromthe wel4s-to determ ne the possible
identity of the 5 m croorganisns. The binary partial results are

conpared to prerecorded patterns of results for each type of test tray

to identify the sanple in question. A m crobiological testing
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chanbers, which in turn is detected by a video nmechani sm di sposed
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group of optitestindierss dheo known. In this apparatus, multiple
trays having a plurality of test chambers are contained
15 within a carousel. This carousel is rotated to move
one of the trays close to a detection area. A
positioning mechanism radially then moves that tray out
of the carousel and into the detection area. A high-
energy light source is disposed proximately to the thus
20 positioned tray. The light source provides narrow-band
light sufficient to produce an emission fluorescence
from the reaction within test chambers, which in turn
is detected by a video mechanism disposed opposite to
the light source and behind the positioned tray. The
25 wvideo mechanism produces an image based on the emission
wavelength.

Another test system is known for identifying bacteria
using signals based on the intensity of monochromatic

30 light reflected from specimens placed in a culture
plate having a plurality of cells. A rotary disk
containing six interference filters is interposed
between a lamp and a group of optical fibers. The
light from the lamp passes through a particular

35 interference filter to produce monochromatic light of a
certain wavelength. The filtered monochromatic light
is guided by the optical fibers to be incident on



light fromthe | anp passes through a particular 35 interference filter to

produce nonochromatic |ight of a certain wavel ength. The filtered
nmonochr oma¥P&84533ht i s guided by the optical fibers to bEBCTHSPHHH on
respective cells of the culture plate. The disk is rotated so that the
six different wavel ength monochromatic |ights are caused to be incident
on the cells sequentially. The light Téflected fromthe 5 specinens is
gui ded by additional optical fibers to correspondi ng phototransi stors. A
signal is derived for each specimen based on the intensity of the

refl ected nonochromatic |i hese 5| al s are then apalyzed to
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However, the above-described apparatuses fail to

15 address all the requirements of a fully automated
microbiological testing system. In particular, they
are not capable of simultaneously performing both
colorimetric- and fluorometric-type testing on
multiple-well test panels that is needed to obtain more

20 accurate test results. Further, these apparatuses are
generally not designed to continuously gather test data
from a plurality of multiple-well test panels in a
guick and reliable manner. Moreover, the automated
processing of these systems is limited.

25

SUMMARY OF THE INVENTION

The present invention provides a system that overcomes
30 the above-described problems. In particular, the
present invention provides an automated microbiological
testing system that tests a plurality of multiple-well
test panels, for identification and susceptibility,
with a minimal amount of human intervention during the
35 testing process. In addition, this system performs
both colorimetric- and fluorometric-type testing.
Moreover, this system quickly analyzes the gathered
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In particular, one aspect of the present iénvention is 5 directed to a
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A light detection unit, which may include a linear CCD,
is disposed opposite to the light sources with at least

one test panel being positioned between the light
sources and the light detection unit. The light
detection unit detects the light emitted from, or
absorbed by, the wells of the test panels as the

carousel assembly continuously rotates each of the test

panels between the light sources and the light
detection unit to permit light emitted from, or
absorbed by, the wells of the test panels to be
detected by the light detection unit. A controller
receives a plurality of signals generated by the light
detection unit, which correspond, respectively, to the
light, which cah be fluorescent or non-fluorescent,
detected from each well. The controller then
determines a test result for each well based on the
received signals.

In another aspect of the present invention, an

‘incubation chamber for a diagnostic microbiological
testing apparatus is provided. This chamber includes a

carousel assembly on which is mounted a plurality of

test panels, each test panel having a plurality of

wells for receiving a test inoculum fluid for producing

amount of human intervention during the 35 testing process.
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testing apparatus is provided. This chanber includes a 35 carousel assenbl

on which is nounted a plurality of test panels, each test havi ng
a plural iV 53301 \we||s for receiving a test inoculum flui i’chzl?gLSJrl?ﬂud ng
7- a reaction. An enclosure surroundi ng the carousel assenbly
prevents intrusion of anbient light into the I ncubati on chanber. The
encl osure has a door for provi di ng atcéss to carousel assenbly. A drive
system 5 continuously rotates the carousel assenbly to directly position
the test panels for testing by the diagnostic m cr obi ol ogi cal testing

apparatus. A heating unit he the ingc tion chanber an tenperature
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yet anot her aspect of the present invention, an 30 apparatus is provided

includi ng aid ghit sonbERegaRapbet of AhdIPEEeRNE 8nGeABRYSL!, e meittidassi gnal
havi ng |i ght el enents ofdyarlable |ntqgﬁlt¥, and a.coEtroIIer
adapted to QMtIRFLIHERF; AP GOFPLERE Rpdims wWRiEH ARELFER profile. The

apparat us nmayhstilsoct hohsdfoa controlling, a diagnostic

15 microbiological testing apparatus are provided. For
example, one method includes the steps of (a) rotating
a carousel of the testing apparatus to position a test
panel mounted thereon between a light source and a
light detection unit of the testing apparatus, (b)

20 directing light from the light source toward the test
panels, (c) detecting with the light detection unit the
light transmitted or emitted ffom, or absorbed by, each
of the wells of the test panels due to the test
‘reaction, (d) generating with the light detection unit

25 a signal corresponding to the light detected from each
of the wells, and (e) determining a test result for
each of the wells based on the generated signal.

In yet another aspect of the present invention, an

30 apparatus is provided including a light source capable
of producing a composite light signal having light
elements of variable intensity, and a controller
adapted to control the light source using an
illumination profile. The apparatus may also include a

35 1light detection unit, and an optics system capable of
directing the composite light signal toward the iight
detection unit. The illumination profile may be used



35 |ight det ect i on unit, and an optics system capabl e of directing the

conposite light signal toward the |ight detection unit. The

i1l um nat iveo 9pss380E | e nmay be used PCT/US98/10504 ,

- 8- to correct optical inefficiency in the optics system or

changes in the illumnation output of the I|ight source. I n yet anot her
aspect of the present invention, a |light 85-source including a plurality of
LEDs arranged in a | inear array is provided. The junction current of
each LED is controllable to produce a predeterm ned i1lum nation
profile. 10 In yet another aspect of the present invention, a |ight

sour ce i ncl uee ngoBrpttr abtriyadf ireds pyengedinnthe optifsasyatesy dravi ng

two ends, eaghafddshadi BHedi9NRUBnat Xn ©f bPecRbUiabhky sdfurdels. The
group of LEDs is geonetrically conpressed to produce a"greater intensity

15 of light. The LEDs may include red, green and bl ue LEDs arranged
in a pre]get ﬁmn' yed shdehernaispedt neMIthe présa@yt inventﬁ.ﬁnqnedﬁ.gfgl'hﬁf r
aspect of_the present inwentian, .an 20., opt stemis _Rraqvide or a
b obi ol gl SARFEact Py aine, pHfkets e Rot By 4 Band B A ST S 21 Ty o
OF THE DRAWNGSe25 arrajjese gabwiidesi. asPlestiundéedonr ceraentacdfamsages of
t-he pres | hyent| t #&ﬂg. t : e to the

det ai | ed deggéPp?%o%ggggfﬁgg%ﬁgféﬁfi) éﬁk%ggﬁg%?égggégggkth bel ow t aken
with the drakthgsipation grofd:le.

10 In yet another aspect of the present invention, a light
source including a plurality of LEDs arranged.in a
linear array having two ends, each end having a group
of LEDs of the plurality of LEDs. The group of LEDs is
geometrically compressed to produce a greater intensity

15 of light. The LEDs may include red, green and blue
LEDs arranged in a predetermined order in the linear
array.

In one further aspect of the present invention, an
20 optics system is provided for a microbiological testing
apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS
25
These and other aspects, features and advantages of the
present invention can best be understood by reference
to the detailed description of the preferred
embodiments set forth below taken with the drawings in
30 which:

FIG. 1 is a front perspective view of the test
apparatus of the present invention with the enclosure
door closed.

35



FIG 1 is a front perspective view of the test apparatus of the present}
I nvention with the enclosure door closed. 35

9 WYQI8/8330L 5 front perspective view of the test apSR At oSt the
present invention with the encl osure door open. = 5 FIG 3Ais a
perspective view of an | D/ AST test panel of the present invention

FIG 3Bis atop viewof an | D/ AST test ﬁbﬁel of .the present invention.
10 FIG 3Cis a bottomview of an I D/ AST test panel of the pr esent

i nventi on. FIG 4 is a schematic top view of the internal 15

conponents pqt hg ?Bp%;%&l&tof %i.ls%eétlve viBkCofd the daghematic

per spective View o carou senbly of the present I nventi on. 20
FIG 6 is cappatptusi of mheyvpsfesent pmeenéapnu wityr the enplogusent
invention. goor obkf@. 7 is a schematic perspective view of the

measur enent systen1tomer of the present invention. 25 FIG 8is a
schemati c perspective view of the CCD detecti on nodul e of the present
invention. ric. 3kl 6s 2 Perwparei webedewedE an WN/ASTSAesk spahel LEDs

of the present invention.

FIG. 3B is a top view of an ID/AST test panel of the
present invention.

10
FIG. 3C is a bottom view of an ID/AST test panel of the
present invention.

FIG. 4 is a schematic top view of the internal
15 components of the apparatus of FIG. 1.

FIG. 5 is a schematic perspective view of the carousel
assembly of the present invention.

20 FIG. 6 is a perspective view of the panel carrier of
the present invention.

FIG. 7 is a schematic perspective view of the

measurement system tower of the present invention.
25

FIG. 8 is a schematic perspective view of the CCD

detection module of the present invention.

FIG. 9 shows one embodiment in which solid-state LEDs
30 and dichroic color separation filters are used.

FIGS. 10A and 10B are respectively front and side views
of another embodiment in which surface mount LEDs and
color separation filters are used.

35
FIG. 11 is a schematic view of the configuration of the
light source assemblies of the present invention.



30 and dichroic color separation filters are used. FI GS. 10A and 10B

are respectively front and side views - of anot her enbodi nent in which
surface MmW@OSEEOE and col or separation filters are used®CEESI#ISH g
11 is a schematic view of the configuration of the | i ght source
assenblies of the present invention.

- 10 - FIG 12A shows a graph of-ak0itlunination output froma

| i ght source nodul e. FIG 12B shows graph of a illumnation profile
used to 5 drive the light source nmodule of the present i nvention.

FIG 12C shows a h.of an |IIu nat i on puf pug the |ight source
modul e of t hBIGr egéﬁfspﬁ‘f’%ﬁ éﬂ:ap és"ﬁ?t} u‘F‘?‘BﬂF%HE PPFBH\tn&“OBh Brofile
of FIG 12B.1i§ht sohkGe Mddilens a circuit for controlling a |light source
nodul e of the present invention. FIG 14 shows one enbodi nent of a

| i ght source nodule 15 of the present invention. FIG 15 is a
schemati ¢ peFE@eclrkBeshioms graphp@f imnibiuminathenppnefiter nsed amd t est

appar at Uss 0 al-DeePERRCghe JoMAIE fUuPD of the prOEoLLERHRRGRLTI ON OF

THE PREFERRED ENMBODI e present |nvent on provides a system and
met hod for 25 perform ng highly reliable mcroorganismidentification

FIG. 12C shows a graph of an illumination output from

the light source module of the present invention

resulting from the illumination profile of FIG. 12B.
10 |

FIG. 13 shows a circuit for controlling a light source

module of the present invention.

FIG. 14 shows one embodiment of a light source module
15 of the present invention.

FIG. 15 is a schematic perspective view of a portion of
the panel carrier and test apparatus of the present
invention.

20

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a system and method for

25 performing highly reliable microorganism identification
(ID) and antimicrobial susceptibility determinations
(AST). The present invention determines identification
and susceptibility based on readings from wells 31
contained in ID/AST panels 30 (see FIGS. 3A and 3B).

30 For example, in one embodiment, the wells 31 contain
different reagent substrates and/or different
antimicrobic dilutions which change optical character
sometime after being inoculated with the organism. The
detection method described below measures changes in

35 absorption, scattering, and/or fluorescence. It may
also measure luminescence. These changes are processed



(I'D) and antim crobial susceptibility determ nations (AST). The present\
I nvention deternmi nes identification and susceptibility
readi ngs VP50 s 31 contained in | D/ AST panels 30 (sg’gﬁwosﬁgﬁ and

3B). 30 For exanple, in one enbodinent, the wells 31 contain di fferent
reagent substrates and/or different antim crobic dilutions which change
optical character sonetine after béiﬂd’ThocuLated with the organism

The detection nethod descri bed bel ow neasures changes in 35 absorption,
scattering, and/or fluorescence. It may al so neasure | um nescence. These
changes are prao g : to
dete?n1ne tﬁg ff %¥¥h%%IF%% 5ﬁ8n§a§égpﬁﬁ§ﬁiﬁﬁﬁxﬁusce?ﬁébﬁ%éF orgénlsnl : |
The present theamdoporganisma technician, for exanple, 5 after having

i nocul ated the wells 31 of the I D/ AST panel 30 with an unknown
n1croorgan|sn1 to place that panel. into an instrunment 20 shomn in FIG

1) where it Th e|Bﬁ??ﬁ%%a%@ﬂeﬁFlﬁnsé@hﬂﬂﬁxﬂzﬁ?ﬁ@ﬁlfkﬁ?odFEEI ample,

i nt erroga e fr ChaVORg @ﬁdcamah)éaettrfe)rwémlcé oP1 gaf ﬁﬁélﬁDI/ﬂstt | fication
and ant|n1croq§%1é#®cegt bl|lté The aratus 20 Fold I|ty of
DI AST panciR® theop HnhyD MR sars Pashires 5

t echni ci an, pan@is fiesor ahedinberoment 2D Ashsdwannin nFEEGS1) 3xhéCe thte | D/ AST
panel s 30 are e reagents
needed for %9 géﬁs#gtes EE %éﬁﬁ(ﬁhéqfé rﬁ@g{g&g $h&ged on

reactions ge:netr@zmg@ye@héosanbaage@n@nd ar@gwm@ é@ﬁc@@lcir@qug@imsdual

vells 3% n @fﬁtiﬂé@&gﬁ Hﬁaehn%(lml-gleoﬂh?é|§u§ée§£§b§ﬂ.&€999d'ﬂ‘féthe
| DY AST panels 30 as_a two-di nmensi onal arrgg ERX#%g rows_ and col ums.

The |nstrLN&%RPQK?F%SS%Pfh@%ﬁ?aﬁng&qﬁﬁ}%ﬁﬁf? BaRgtEndPo % o0 t est

the | Y AST panersasd podistipiky hhualysmanpé@pxt@t €ot ehk Eteshniitiake

i NSt rument 20 %ﬁgﬁgﬁibed below.

15 As shown in FIGS. 3A-3C, the ID/AST panels 30 are
disposable devices which are inoculated with reagents
needed for both ID and AST testing. The testing is
performed on reactions generated by the samples and
reagents placed in individual wells 31 on each ID/AST

20 panel 30. The wells 31 are arranged on the ID/AST
panels 30 as a two-dimensional array having rows and
columns.

The instrument 20 is self-contained and sufficiently
25 autonomous to test the ID/AST panels 30 and supply the

appropriate test results. The instrument 20 stores,

incubates and reads the ID/AST panels 30. The

instrument 20 has a door 21 ghown closed in FIG. 1 and

open in FIG. 2 to allow for access to the interior of
30 the instrument 20.

In one embodiment, as also shown in FIG. 1, a personal
computer (PC) workstation 40 is communicatively
connected to the instrument 20. The PC workstation

35 complements the instrument’s 20 microbiology
information system reporting and data management
features, which are discussed below. The PC



I ncubat es and reads the | D/ AST panels 30. The I nstrument 20 has a door
21 shown closed in FIG 1 and -open+in FIG 2 to allow for access to the
interior owo88si3be i nstrunment 20. I n one enbodi ment, FCTASIS/1850EW0 i N ¢
FIG 1, a personal conmputer (PC) workstation 40 is conmunicatively
connected to the instrunment 20. The PC workstation 35 conpl enents the

i nstrunent's 20 m crobi ol ogy i nf or nati®n- systemreporting and data
managemnent features, which are discussed bel ow. The PC

- 12 - wor kst ation 40 provides tools to inprove enpiric t her apy
deci sion and identify therapy intervention I nstances. The PC workstation
40 al so i ncowprkatation ddpemdvigesdieol® besimprovéeemparnicontrol and 5
epi demi ol 0gyrherap %Aﬁék:&'s%ﬁi l3ha t{&:ﬁqgréﬁéﬂwnlﬁgewgﬂ&g%at es a

rel ati onal database (not shown drive Finalized AST and ID
test result sSTBPE2PELH-nedhen B eyquﬁﬁﬁ%&ﬁée4@0@1§°niﬁpﬁﬁﬁp6ﬁt§§ weeks.

Statisti cal |i¢‘eport§n§‘TT&l’cJoZ.L€§1 ttasd Sotf el if €1 68T canbedt ahdt i e peri od.

Pat i ent ﬁealnen i nf ormati on may be gat hered t hrough an el ectronic
i nterface mn? RU-PASEYunent 20 (not shown) or manually entered into
the PC workstation 15 40. The instrunment 20 includes a carousel 50, as

shown in . ar, a conprlsed of
rings and rlg &%t?Pnéﬁﬁgp t%ﬂ?é%:ﬁﬁﬁgﬂﬁé¥g§3? o?ﬁ?ggbgF nari &al cage as

shown in Fl Grebatipgal dagghass| (150 | showuht od &eh&rdaﬂryven an instrunent
encl osure 60F£ﬁ99m@eanA§&Ganﬂa -ID NEed OSEESTEES are ﬁeeggﬁgaelﬁot%f' nes the

carousel conpartpent 61 and el ectronics congartnent 2 (shown in
t

FIG 4).18hed252Rgagguser @orﬁi‘é}’tlﬁﬁﬁto%ls? SWERES} ot BH2EdSlepldy a

summarized data is retained for a greater time period.

Patient and specimen information may be gathered

through an electronic interface with the instrument 20

(not shown) or manually entered into the PC workstation
15 40.

The instrument 20 includes a carousel 50, as shown in
FIG. 2. The carousel 50 includes an assembly 51
comprised of rings and ribs bolted to a drive ring'52

20 to form a cylindrical cage as shown in FIG. 5. The
carousel 50 is mounted vertically in an instrument
enclosure 60 (shown in FIG. 1). The instrument
enclosure 60 defines the carousel compartment 61 and an
electronics compartment 62 (shown in FIG. 4). The

25 carousel compartment 61 is insulated to provide a
substantially uniform temperature incubation
environment, and is light-tight under normal operation
to prevent ambient light from entering.

30 Panel carriers 53 (shown in FIG. 6) are mounted in the
assembly 51 which form four horizontal tiers with each
tier having twenty-six panel positions. A total of
one-hundred and four panel positions are provided. Of
course, these numbers of tiers and panel positions are

35 merely an example and may be changed to suit the
requirements of any specified application as will be
appreciated by one skilled in the art. The panel



substantially uniformtenperature incubation environnment, and is

| ight-tight under nornmal operation to prevent anbient |

entering. WO38/58%e| carriers 53 (shown in FIG 6) are nountgg&ﬂ%ﬁgﬁgm‘
assenbly 51 which formfour horizontal tiers with each tier having
twenty-six panel positions. A total of one- hundred and four panel
positions are provided. O course, fhésde “nunbers of tiers and pane
positions are 35 nerely an exanple and may be changed to suit the

requi renents of any specified application as will be appreci ated by one
skilled in the _art. The panel : - 13 -
carriers 53 SPELISEF ?’g? rﬁ)’fﬁ‘\tu§%% Foy ﬂgllmﬁ‘artfaes TZR‘{AaSsT par\}\%+? %.g 3Fher
types of paneiedldiasc sstwer beypes Fhepanepandiscaasast o&Bowr e Bhei gned such

t hat i nprope Eﬁﬁﬁg I | e ¢ | 5
carriers 53. i)la%ﬁg'n the %%gé}? %r:\g: éEggﬁgregnséﬁkf‘eﬂéﬁ{:n%é?ﬁgg?ggr tiers of
assenbl y 51, serdpdamangkangtlltBot bporgtadmadamy 44h¢ RRReYl ar rows and
vertical eol wisierPfsyel |hed. cMbt hDyasachanels IMnete PASLALEASiar €

nunbered zero through twenty-five. Panel position zero 10 is reserved for a
nor mal i zat i oﬁhﬁarfa‘g%r?ﬂl?ﬁs n%% assﬁ?‘ggé"sislﬁ'e YA A IRI8Er FRg nor mal
operation of form BIbgSAnthEDIY20ircularAxoszownd nwettgicdb, cobhdmaat or LEDs
54 are used t i,ndicate Lch | T el Q.- e ed

(i.e., when t° stjvga glrl‘ldsffzbrrpqeg{:fei?? %@ﬁmﬁﬁ%ﬁ:’p;ﬁg}el rl%%o]g%???éng?ére

avai |l abl e fomumbgramizeredthDpugh pwesity-fives0. Frnrel rpegitdenLEBEO54 may
be locateg ind rx@%{_)eﬂ{%d £oP!aPABRAE 1836 iRAN Yarfdl o Ps nber example, as

shown 20 in Fig. . e I ndicator LED 54 1 s unted In a .printed
circuit boar @FRPIEHIR PYicapafBerakerr Suming noxpak CPerabiPai Bfed
agai nst a canrgisseindt BukSnt A201 ght gui de 59 may al so be used to focus
the light fromthe I ndi cator LEDs 54 through a convex indicator surface.
25 The indicator LED 54 nay be a three-col or LED wherein

As shown in Fig. 15, indicator LEDs 54 are used to

15 indicate which ID/AST panels 30 should be removed
(i.e., when testing is complete), and which panel
positions are available for new, untested ID/AST panels
30. The indicator LEDs 54 may be located in front of

or behind each panel carrier 53. For example, as shown
20 in Fig. 15, the indicator LED 54 is mounted in a
printed circuit board 57 behind the panel carrier 53,
which is positioned against a carousel rib 58. A light
guide 59 may also be used to focus the light from the
indicator LEDs 54 through a convex indicator surface.
25
The indicator LED 54 may be a three-color LED wherein
different colors are used to indicate status/testing
information. For example, red may indicate that a test
is in progress; green may indicate that testing is
30 complete; and yellow may indicate that a panel position
is available for a new, untested ID/AST panel 30.

The carousel 50 also includes a drive system 56. The
drive system 56 is mounted within the instrument

35 enclosure 60 and exterior to the cylindrical cage
formed by the assembly 51, as shown in FIG. 4. The
drive system 56 drives the assembly 51, via the drive



different colors are used to indicate status/testing i nformation. For

exanple, red may indicate that a test - IS in progress; green nay

i ndi cate ™W@®8/638ting is 30 conplete; and yel |l ow may i ndi catREWYEB/18508anel
posi tion is avail able for a new, untested |ID/ AST panel 30. The
carousel 50 also includes a drive system56. The drive system56 is
nmounted within the instrunment 35 enclosurk 60 and exterior to the
cylindrical cage formed by the assenbly 51, as shown in FIG 4. The
drive system 56 drives the assenbly 51, via the drive

- 14 - ring_52, at a predeternm ned and controll abl e angul ar

vel oci ty. Ch%lﬁﬁnﬁ?etétrét§HQQ?9ﬁrW*ﬂ?QEﬁQ%s%@n5904%ableuééﬂugéracqu|re
and accunul afelbestydat ankr eonpllete rd»ttagdfttoﬁr@ﬂuenéycéreﬁb@acbol BsAST

peneL) 0 TH0hed Pl Supt B S e, Q5o B BN oot 1"
accurate rothighnalfrequemzly dfrdnhecaads eI/ ASBlpafikl 180 mounsed ot her types
of notorsg CaﬂlEﬁEfl %’ﬂbcgs'éé?dﬂﬂe 51 (£S5 Vor gég %{B%{algﬁfig‘ﬂgoﬁmors and

DC not or s, An'oiT-t I'Sposed

agai nst the @YF%@)15 ring 52 to ensure it remains properly | ubricated. A
pol y-al pha-olefin oil, or simlar oil, nay be used to mnimze oil spray
and mgration. In a ref érred enbodl a lubrication free bearing

system can b PTefdd °n2§tePB$4uﬂﬂF?E5¥?|EﬁF??5@b%¥gH§?d §0aPFPYede o t he
i nner suréeearatet kotdiiivnmal nepHZrsOrsLsphadasgeinblposili oof  zero of

the assepbly 51, As the assenbly 51 rotates,_a igpal,is rated by a
Hal | - ef f{é@t g t%l’fnﬁz 92% o%\nr?%t}%r§ h%a%a‘rlﬁﬁéegﬂéﬁheégﬁﬁﬁgﬁe t he hone
position flagervo motors, synchronous motors and DC motors, for

example.

An oil-treated felt pad is disposed against the drive

15 ring 52 to ensure it remains properly lubricated. A
poly-alpha-olefin oil, or similar oil, may be used to
minimize oil spray and migration. In a preferred
embodiment, a lubrication free bearing system can be
used.

20
A home position flag magnet is affixed to the inner
surface of the drive ring 52 corresponding to position
zero of the assembly 51. As the assembly 51 rotates, a
signal is generated by a Hall-effect sensor 55 mounted

25 within the carousel 50 each time the home position flag
magnet passes. This signal is used by the instrument
20 to keep track of the panel position as the assembly
51 is rotated. Of course, other types of sensors may
be used for this purpose. For example, infrared and

30 optical sensors may be used instead.

The temperature within the carousel compartment 61 is
tightly controlled by means of an incubation heater,
blower, and associated ductwork (none of which are

35 shown) which distribute and recirculate the incubation
air. The incubation heater includes one or more



magnet passes. This signal is used by the instrunent 20 to keep track of

t he paneIgP03|t|on as the assenbly 51 is rotated. O cour §4types
of sensor be used for this purpose. For exanple, in rare

optical sensors may be used instead. The tenperature within the
carousel conpartnment 61 is tightly caontrolled by neans of an incubation
heat er, bl ower, and associ ated ductwor (none of which are 35 shown)
which distribute and recirculate the incubation air. The incubation
heat er includes one or nore sensors 63 (shown in FIG 11)
to nonitor t egper, Tl o ment 61. The
I ncubati on he&tlsoré uéghg&ﬁ eatl HﬁﬂeﬁégﬁéﬁélMAre %n a three | ead
arrangenemzﬁem@eshbun? wAghin &MQ}QQ¥Q§Q¢1mFQmEﬁ¥ﬁme%Fr6&|t breaker is
provi ded in the third, common lead to protect against heater
over-tenperature, condltlons Shoul d t he carousel conpartnent 61
tenperature'?W%el%ﬁﬁbétéoﬁlF@?tﬁ§[i4£ﬁﬁ49$n?%% RERLIBINELEPSRES to the
heat is 5 vwitedript&dthiPeeendasl raﬁﬁmﬂgademhem®heshmeratme falls

bel d d h
neator i o GONEY B FERChy LA SRERIEL Ciriredurraher 18 DEOVRRBRLARy (ne

carousel con@hetnhﬁrdﬁlcommounmaaﬂntn3protemnjmgained heabetrenper at ure of

35[err]c‘Mt$b%PetEb§§%a§ﬂ?8 respelghéne {4 NeHeSEL Bﬁ%ggs bei ng set

at 39[err]C an I vel wever, as w e appreci ated
by 20 one sk¢¢mE@rtmenﬁe5érﬁemmﬁﬁﬁtuﬁﬁn%#%@Lﬁbpgetﬂlﬁg§sﬁay be used to

achi eve ide ﬁ%@&é@ékﬁinbas%bﬂgpkﬁﬁﬁir%ﬁﬁﬂéf to the h8agnggenbodi ment, four
barcode scanpers (not shown are m)untl%’(_iL n%a scanner tower gpot shown)

| ocated 25 WRRPRTFRECEar o FOMRL: drih 2RIt fRhEReWFERPRTGLUre
exterior to f£&klei beloeaeseedrid igredeserntlyedlseOrpoint. The

power supplied to the heater is controlled by a control
processor 70.
15
Preferably, the carousel compartment 61 is continuously
maintained at a temperature of 35°C with the first and
second predetermined set points being set at 39°C and
33°C, respectively. However, as will be appreciated by
20 one skilled in the art, other temperature settings may
be used to achieve the particular testing requirements.

In one embodiment, four barcode scanners (not shown)
are mounted on a scanner tower (not shown) located

25 within the carousel compartment 61, either within or
exterior to the circumference of the assembly 51. One
barcode scanner is provided for each tier of the
assembly 51. The barcode scanners are capable of
reading barcoded labels (not shown) affixed to each

30 ID/AST panel 30 as the panels are rotated via the
assembly 51. The barcode scanners are supported in
proper relation to the ID/AST panels 30 mounted on the
assembly 51 and are held at a proper scanning distance
by the scanner tower.

35
The information read by the barcode scanners is used by
the instrument 20 to correlate specific panel sequence



barcode scanner is provided for each tier of the assenbly 51. The
barcode scanners are capabl e of readi ng barcoded | abel s (not shomq?

af fi xed t owo=8is3®0 | D/ AST panel 30 as the panels are rotat edPGT/HSIHOSO
assenbly 51. The barcode scanners are supported in proper relation to
the |1 D/ AST panels 30 nounted on the assenbly 51 and are held at a
proper scanning di stance by the scanneé tower. 35 The information
read by the barcode scanners is used by the instrunent 20 to correl ate
speci fic panel sequence - 16 -
nunbers to test data gathered fromthe panels. Preferably, the barcode
scanners ar enbBPgEEe t&f tesddidffa JarradsixpHeEhe PARSLSati on. However,

ot her known PreE@E&Q'lty‘ oORHe Qﬁm@ef%MérmréecHgﬁﬁllenﬁfe&@am | abel
the D AST p n t her_ enbodi %pde reader (not

an
shown) is CPﬁ?téggequﬁﬁ TRt Hent B Vﬁﬁ?rpaﬁg S 1 KO par code
reader is usengQnsdamanaMarhbdeﬂﬁﬂsmaté|maﬂ B8 tised tinstemiddeocof the

| D/ AST papel b r panels 30 are nounted in the
5 ia%gl €h? iﬁ%ﬁ%T_ﬁg %ﬁgb

carousel compar | ows, for exanple, the operator to
affix suppl enmental barcoded information on each | DY AST panel 30. The
suppl ement al Thapgeed, @‘n@fd@ém&& 15, coat-8o88, rEABee* AMRIe srdwn) is

hospi tal - appl. i ed assessi on abel . Tn this embodi ment, the barcoded

| abel s can bénStalé%Ml%otH%el%FF‘%‘ﬁP‘ér frepasPapsde’130 & t hen
turned over bhargode tﬁ&mmgr@é@l tbageafieBarcodenfiabaild AELiEES t hen

links th IEVAST 30,10 enent oded | fornatlon
Cbnventliﬁ B§$€56§ rﬂ#rgé. @E%%%rPaaegﬁ Bﬁe FaCE5 I}E’eader
| n anot her eﬁDdASEE@apaiduﬁﬁidmédmeuahedngnbaheodarouswand 72, as shown in

FIG 1 s operabiNGlon.CuyIectg 25,1 obhe EBS! LdRah o2 vand
g éﬁﬁ] % Hﬁ@ réa&é %

72 may be use Sane nanner - as f{hé barco 0 scan
to afflx supplemental barcoded information on each

ID/AST panel 30. The supplemental barcoded information
15 could be, for example, a hospital-applied assession
label. 1In this embodiment, the barcoded labels can be
scanned, and the particular ID/AST panel 30 can then
turned over to scan the supplemental barcoded
information, this then links the ID/AST panel 30 to the
20 supplemental barcoded information. Conventional
barcode formats are supported by the barcode reader.

In another embodiment, a hand-held scanning barcode

wand 72, as shown in FIG. 1, is operatively connected
25 to the instrument 20. The barcode wand 72 may be used

in the same manner as the barcode reader (e.g., to scan

operator generated accession linkage, or to scan

barcodes too large to be affixed to the ID/AST panels

30). Conventional barcode formats are supported by the
30 Dbarcode wand 72.

A panel position sensor for each tier is also mounted
on the scanner tower. Panel position flags, integrated
with the panel carriers 53, are read by the panel

35 position sensors. Upon scanning the leading edge of
the panel flag position flags, the panel position



operat or generated accession |inkage, or to scan barcodes too large to

be affixed to the I D) AST panel s 30). Conventional barcod re
support ed WP 38#83%0 bar code wand 72. A panel position Egﬁggm%??each
tier is also nmounted on the scanner tower. Panel position flags,

I nt egrated with the panel carriers 53, are read by the panel 35
position sensors. Upon scanning the Ieadiﬁa €dge of t he panel flag
position flags, the panel position -
17 - sensors generate a signal used to provide test data

ol dral i Ly of SERRRrL A ieiars ARl pPRI hetd 5o, mrg Vi Wk R o de ©

conpart nent acqudkidnibrxtining fort kecki ID/HSE asselof3G he assenbly

51. In a preferred enbodi nent of the present i nvention, the |ight
source assenblies conprise_a visible_|ight source assenbly 80 and an
U tra- Vi ol et 280 Shoywn | iYhFIQout ce2aRIBFBIL t1 Qs HovghG Bauxse11) . The

vi 3i |b| el thfas%@&meit@é%?@lmﬁﬁtéa%ﬁ@mﬂ w{e_ caﬂt&ﬁéém ecléﬂ@@fma@ﬁt_ce_ o
modul es and a _supporting tower. e supporting tower aligns one visible
l'i ght source®l5 lﬁ%ﬁé%&?ﬁ EacﬁhﬁiEﬁqﬂdaﬁﬁf%ﬁééﬂﬂﬁfiﬁﬁ“aé%eﬁﬂ Y  given
time, one colsam dn velpsefeprretihembbbAmentand] the feseme be il | um nat ed
by the visibl, i.ght sou . dules. I e ' t, each
Wsibre | ghissitioto bfg 11oAP Uplce Atherbidiey |ée[?q&g’!eﬁ$g%l col umms of
si xt een Mighitbleani 1ighy dbudee aEBBEYPlyadd ansk i rEktrat Vikplet

consi st s 1gf r(Qﬁi)'—ﬁ.@g%&f“@oﬁfE@UQsQé%’iy’-%QS @¥bwein prdhifigd) blue LEDs. A

hol ographi c diffuser ate 82 is 25 loCated in close proximty to the
| O/ AST panel s 30 nounted in the assenbly 51. The hol ographic diffuser

The visible light source assembly 80 includes four
visible light source modules and a supporting tower.
The supporting tower aligns one visible light source

15 modules with each tier of the assembly 51. At any
given time, one column of wells from the ID/AST panels
30 can be illuminated by the visible light source
modules.

20 In one embodiment, each visible light source module
includes three parallel vertical columns of sixteen
light-emitting diodes (LEDs) each. The first column
consists of red LEDs, the second green LEDs and the
third blue LEDs. A holographic diffuser plate 82 is

25 1located in close proximity to the ID/AST panels 30
mounted in the assembly 51. The holographic diffuser
plate 82 diffuse the illumination energy from each
column of LEDs (when energized). Each column of LEDs
is mounted in the visible light source modules to

30 maintain a fixed distance from the diffuser plate 82.
Cylindrical lenses may be used to focus the
illumination energy from each column of LEDs onto the
vertical well columns of the ID/AST panels 30. The
illumination axis for each column of LEDs is made

35 coincident for the red, green and blue illumination.
Thus, each well column sees a uniform stripe of either



plate 82 diffuse the illumnation energy from each col um of LEDs (when

energi zed). Each colum of LEDs I's nounted in the visible |ight source
nmodul es t V@@8E#ORt ain a fixed distance fromthe diffuser pl%ﬁ"é(8§92!1°5°4 '
Cylindrical |enses may be used to focus the i1lum nation energy from
each colum of LEDs onto the vertical well colums of the | D/ AST panel s
30. The illumination axis for each tol&im of. LEDs is made 35 coi nci dent
for the red, green and blue illum nation. Thus, each well colum sees a
uni form stripe of either - 18 -

red, green or | u Ilun1n en upo columm ,of LEDs is
ener glgzed ed, £ ngﬁe% Sl é‘ ‘g'?)’(ﬁ‘ %duagpﬁﬁélﬁpsgpﬁg PR 5 with
a partially ceihmntoﬁgumasnﬂs|dn&rglﬂm& beansplitter woul d cause a
portion of the illumnation energy fromthe LEDs to be incident on a
source nonitor phot odi ode 84. The signal fromthe source nonitor

phot odi ode 8Barh vAedbleed iightc Fouxce tmedynlghmayoalgoeksi fiitsedeach of the

LED col ungs ﬁitﬂeaeiﬁ%@iaﬁ%f ref XS bélRsplgfkr!.r OMyhe source
noni t or photodlode . 84 may be used to conpensate for fluctuyations in

i || uni nat i onPEBMFRL M FAES EAURS R ROSEAPR PfnEhe iljupigation

i | 'um nati onepegbiyl exdj:rsmactﬂxelmvbghiﬁciéeﬁtl ens al Beuirde! MerEMo20 to
begin testin not .have to wait

r | C because g_wWou
for the L EDoPnoepRidiet fal mif Pegtad TEebaoLhROsHREER: B ot on
out put) . thﬁheduo@dﬂaaImgﬂuhennusednbdutesrece shacédghertically and

posi tiong p&ﬂe%gt tdtbre%%q?ﬁ] ©hd heed DLASlmns a%ngle%eéga mefd‘ifn each

tier of the asse e sup ortln ower SuUppo g ower
can al so ﬁﬁémea@ rr&&#ﬂ§1f§ﬂa]t hfer%am@laswzsﬂg mpR4 tiga @gnoam:@%

di ffuser pl aqu&% Mdé&%'d&ﬁp&@éa&@n§8§ fluctuakl od@Otiker enbodi nent,

shown in FIG, g t he
il umlnatlon output during LED warm-up at start time,

via an illumination profile discussed below. This

15 allows the instrument 20 to begin testing more quickly
.because the testing would not have to wait for the LEDs
to warm-up (i.e., to reach a steady-state illumination
output) .

20 The visible light source modules are spaced vertically
and positioned properly with respect to the ID/AST
panels 30 mounted in each tier of the assembly 51 by
the supporting tower. The supporting tower can also
include mounts for the beamsplitters, the holographic

25 diffuser plates 82 and the cylindrical lenses.

In another embodiment, shown in FIG. 9. other
arrangements are possible for the visible light source
used in the present invention. Figure 9 shows an

30 overhead view of a tri-spectrum arrangement (e.g., red,
green and blue) using three LEDs (215, 216, 217). A
bank of more or less than three LEDs can be used at any
single Z-axis location. Groups of the LED banks can be
stacked as deep as needed in the Z-axis direction so as

35 to cover the entire length of the ID/AST panels 30.
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present invention. Figure 9 shows an 30 overhead view of a tgi= m

ar r angemeYYO &5 '6‘.0,1 red, green and bl ue) using three LEDsﬁ‘tyﬁgﬁﬁ%%
217). A bank of nore or less than three LEDs can be used at any

single Z-axis location. Goups of the LED banks can be stacked as deep
as needed in the Z-axis direction so as 35 to caver the entire | engt h of
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Light fromthe LED 216 is reflected 90[err] by a first surface mrror

Grop2iong | Eidht DPLBA' LAR BEP 21308, reflellla é?ggﬁ’gﬁﬁsﬁéﬂ hrough t he

dichroic fil égng to a fuser 221 in
the 5 X dlreﬁmrﬁﬁceSGW§r©$ ?ﬁ@lakﬁﬁgl ¢ e} bhyminayiencAxis. fSom& and

conti nues th&fwﬁﬂ snﬁ?ﬁtYpQIsrs@é Itq&oJ&e the @Qéﬁﬂéﬁehf(il@.b‘}%u%@o 221 acts
t o honogeni ze t in a defined nmann tered, ,ho enlzed

|'i ght pa%%@sz%ﬁrogéﬂegﬁﬁﬂﬁrﬁﬁ|%xﬂ°}%$£a9920mﬂ%gﬁuﬁﬁrcgﬁ&e&Fr

into a hmgznausebt?bhhst lsm? Qifff &he dmgﬁﬁ[]ibeﬂeﬁ\edtbdabyt leachDl AST panel
30. A portjion of .the |i.ght used .at.t he

redirect ed ggfik?f 8990 COPEARMSS 2 r?ﬁﬁ cHft ?P% §§r§§@%8P5 aTh%ﬁn pi pe
224 that congehogzaapbhict did fassourdzl actanhotbom@@énlﬂestgnaﬂmgénerated by
t he source ito 2 ed C he nsi; from each
of -~ the gthubeBsfipsl feghghy Tife MELLEEECAN bl entREATI bR O]
the Iight frpaseag EEDOEBh|&3Cyllniﬁ1@%%ehegé[%??]Wbycbhe dlchr0|c filter

219 and {#i Sconceﬁt!rh@é%d e;nqrzgsb i %b?&bﬁs pmgﬁésgdru@et ke FRNNer

descri bed above. ain, t. from reflected
90[err] by dPEﬁFSngPF"I f”é-tdr%‘z@"grﬁp? hP%/]Pﬂ'tB?‘Eﬁ 28%energy is optically
processed by the remaining conponents in the optical train as described

assenbly is
is redirected S0° by a planar glass optical flat 223

a0ove i s 2hBeRURtieL ST BN, oS0LLY: SEALReVIBYRLR Yol 30 SOUrce

15 into a light pipe 224 that concentrates it to a source
monitor 225. A signal generated by the source monitor
225 is used to correct the light intensity from each of
the groups of the LED banks as necessary.

20 Similarly, some of the light from the LED 217 is
reflected 90° by the dichroic filter 219 and this
filtered energy is optically processed in the manner
described above. Again, some light from the LED 215 is
reflected 90° by dichroic filter 220 and this filtered

25 energy is optically processed by the remaining
components in the optical train as described above.

In another embodiment, a solid-state visible light
source assembly is shown in FIG 10A. A plurality of

30 surface mount LEDs 300 (SMLEDs) are placed in an array
which coincides with a column of wells 31 of the ID/AST
panels 30. The SMLEDs are arranged in a repeated
pattern in the array. For example, the first SMLED can
be red, the second a green SMLED and the third a blue

35 SMLED. This pattern is then repeated the length of the
array. As many banks of SMLEDs as needed can be
arranged to properly illuminate the area desired.



30 surface nmount LEDs 300 (SMLEDs) are placed in an array whi ch

coincides with a colum of wells 31 of the |ID AST panel s 30. The SM.EDs
are arrangwd 986330¥ epeat ed pattern in the array. For exaRETA&SI¥HS04 st -
SMLED can be red, the second a green SMLED and the third a blue 35

SMLED. This pattern is then repeated the I ength of the array. As many
banks of SMLEDs as needed can be arraB@ed to properly illumnate the
area desired. - 20 - In this
enbodi nent, the illum nation axis of the array of SMLEDs is arranged in

the sane line with the wells 31. Consequently, the SMLEDs 300 are
ener gi zed badéy thigempedimentpcbheydlipBdnagiofoeeft qf e Y green 5

or blue Illuramesmbs 5 Retahged! hhsthedBhmeS 1ine fddhaineopgtiigoned to

honogeni ze a concentrate |j e get usin i C

di1f dser 301% i qtatlv, roRebHEDS, S8 ans Mty 25b B ag

descri bed onﬂnheqraréepeepivétepeendaiouumtemmnaxnefueredsoqnsed 10 in
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|
this enbo blue i1 ﬂfég?‘gﬂEDisl h% Q%lb On |r11h d{[%é ei'léjs to fall of

at the en each co drap user pl ate
82, and cyl i rfdm'elsﬂrlméstcgneéetﬁabémpgmw&l Ia}ldlES:OnQﬁngTattﬁ?nahtt he

active area dpddecnd eﬁgéénﬁéinéoa holob‘% ?hqgf diF CPENSE eaf@rat he

light fall-off at the anel renes caused by the optlca
|neff|C|enm«i?CQ$%P$n%%ﬂ§|§9zofa IFBHWﬁaEPoﬁIﬁEaQQQﬁa As ripedach LED
colum is boeieek | GaiPpanypl20ternahar Bouyce fdtiwdyr tdie AByo besed

acconpl i dis . driving, the LEDs near the ends of each colum wth
hi gher ¢ nfeﬁ?% g%&ﬁc?ﬁ?ﬂg}@ g%s the intensity of the i ght at those

ends. 25 The junction current used to drive the LED or SM.EDs,
i scussed APWEa (8l PEoCOM LAl NN B0ered W) Rinas P AHATEEOLET 11

the control processor as s um natron profrles
can be used t@e en@@naﬂ@@blF?lémpv@ftﬁ@DEED§hﬁ)hﬁiﬂﬁ#ﬁﬁh%ﬂf@mfﬁ@$e3al

plate 82, and cylindrical lenses can be made physically
15 longer than the active area of the ID/AST panels 30.
In order to compensate for the light fall-off at the
ID/AST panel 30 extremes caused by the optical
inefficiencies, the intensity of illumination near the
ends of each LED column is boosted to improve
20 uniformity. One way this may be accomplished is by
driving the LEDs near the ends of each column with
higher currents, which increases the intensity of the
light at those ends.

25 The junction current used to drive the LED or SMLEDs,
discussed above, can be controlled using a computer
program stored in the control processor 70, as shown in
Fig. 13. TIllumination profiles can be used to
dynamically drive the LEDs to compensate for optical

30 inefficiency. As shown in FIG. 12A, when the LEDg of
one column are all driven with the same drive current,
the illumination output from the LEDs at the ends
(i.e., top and bottom) of the columns, as measured by
an optical detection system 100, is less than the

35 illumination output from the LEDs near the center of
the column. Figure 12B shows an illumination profile
in which the LEDs at the ends of the column are driven



30 inefficiency. As shown in FIG 12A, when the LEDs of one col um

are all driven wth the sane dr|ve current, the illumn t
fromthe MEPE¥E33% he ends (i.e., top and bottom of thea%:éﬁnS&Wog&A
measur ed by an optical detection system 100, is |less than the 35

i I'lum nation output fromthe LEDs near the_center of t he columm. Figure
12B shows an illum nation profile i A @hi h the LEDs at the ends of the
columm are driven WD 98/ 53301

PCT/ US98/ 10504 -21- with a higher current. This produces a greater

i 1lum nation ?Lléthp;éh ﬂlﬁ%?&#‘?ﬁtat Irgg 5@%&1@08@%281, cqldym as conpared

to the LEDs néar SHows t he resul ting
i |l um nationidlomipation owtpwrefiren the bEPBcat ddeecmidsh of) sthen 100,

of the LED colyimmnagd & %!&Pe@/téhéhy Lﬂﬁb“ﬁbhﬁlﬁ the raéﬁeéle & & 128,

VWhile the illumnation 12B shows a 10 conplenentary profile
used to prod&&dUH i f Qn 12¢| shavRathenregpiinga dMmEmAtson | | um nati on

profiles s @@rtﬁm&,uw-mJMQ@rBiri the 6pyikalsdeteiad dinsBtemdi fferent
criteria, Suﬁ%Pasﬁﬁgqﬁlty #est ggnel useg t he t pe of test to be
perforned, or feeddack*@s 3 FEPEBy SRpVEDR BYp 5% n3ttfdack

control I@m@ﬁkﬁ&mpﬁi@ﬁ&131230n1the source nonitor photodlode 84 can
correct for light intensity changes during testing, during LED warntup,

or for long term degradation of the LED junction current. Qher types 20
of feedback #idectthm Bllwmbparhonpprofide oF FIG.eHZFE ®/hAws changes

within the '@8ﬁﬁ¥§%&né¥& rp98f11e5t983|%obe%H%démanﬂﬂ£¥Hnﬁana
di scussed bel ow. her way of ensatlﬁgifor the i ntensit

fall-of f 25 ahllt%f@ﬂ’s%fmemu‘&ol arrﬂaiféew o retirHana S Ry % es {he
spaci ng of Lkan e SMdds arhébe pﬁdslméseﬁﬁhr be eRilgdted };ﬁase& st acked

of the |1 nearitregnt SrEbeRine: PRl Ao - coM: SYBSL OIS RSt 30
configuratiomsadnxﬂh&ummpéoofdEgsadablba perdomesl, or feedback
15 signals. For example, a proportional feedback control
"loop using signals from the source monitor photodiode
84 can correct for light intensity changes during
testing, during LED warm-up, or for long term
degradation of the LED junction current. Other types
20 of feedback correction systems may be based on
temperature changes within the instrument 20 6r on
signals from a normalizer panel, discussed below.

Another way of compensating for the intensity fall-off

25 at the ends of the column is to geometrically compress
the spacing of LEDs or SMLEDs at the ends of each
column, ji.e., a stacked LED configuration at the ends.
As shown in Fig. 15, LEDs 90 at the ends of the linear
array are geometrically compressed. This type of

30 configuration compensates for degradation of optical
efficiency at the ends of the columns. When the LEDs
are placed closer together, the intensity of the
illumination increases. Preferably, the LEDs should be
compressed to produce an intensity inverse to the fall-

35 off. For example, an optical coupling roll-off of 90%
at the column ends (relative to the column center) may



efficiency at the ends of the colums. \Wen the LEDs are pl aced closer
together, the intensity of the I 1lum nation increases. Preferabl%

LEDs shoulWOW8/s3301conpr essed to produce an intensity inverscPGHUSHE0504) I -
35 of f. For exanple, an optical coupling roll-off of 90% at the colum
ends (relative to the colum center) may

- 22 - be conpensated by decreasing?2he LED center-to-center

di stance at the colum ends by a factor of ten. Returning to FIG 11,
the WV Light Source assenbly 81 5 includes two tubular UV col d-cat hode

| anps. Hot - cathode | a al so pe used Suitable | anps may be
ob?gined fro QP%V@. FRRISLRG BRI OBFD §RBCETr- F&dﬁ%ﬁ passes

t hr ough exciaabtamcbIduﬂthéﬁboiﬂmn endx by adi pactokt efst@n.el i m nate
unwant ed spectral 10 conponents present in the output of the |anps. As
shown in FIG 11, the lanps are di sposed on either side of the primry

i | | um nati onRetiugndaa gt Riite 11 cdthemU6fLighti 8alkrgeabisgesdyD/8AST panel s

30 are 1561 | LuEBAR0 UaTUIANGANSIY : cd1\Rl EatfioBl Dafgslo Hhon - the WV

i ght sources al ong the primar m nati on axi s. Adjustnment of the

|Ilun1nat|oncﬁﬁh9@§t%ﬁm9§ maY;ﬁ%ﬂQw%@du%9dalt%ﬂFﬁ@biﬁelﬁFEﬁ R Rency

power app'le@btaldéatﬂﬂbdiﬁﬂlﬁﬁﬁbl(¢T§GFW£§etﬁdﬁ?ta&QeosﬁbBS s
controll ed bé thetfontrolékgx:ssor is illum nated at

2 time. The fouol euchideftn r1T8ers M5 oMt mont
t he fIuorescemm&uaﬂidn(ﬂnmﬁeﬁﬁi&3|é&dmiﬁdte|anaadtéacprMMtwnSS|on mode

of the Iight coppdfirouon theyells M. LOUENET eachel hagijve node may

al so be Used require rep05| I'ng - of Ilght sour ces.

As shown in FIG. 11, the lamps are disposed on either
side of the primary illumination axis so that one
column of vertically-aligned ID/AST panels 30 are

15 ijlluminated simultaneously. There is no need to align
the UV light sources along the primary illumination
axis. Adjustment of the illumination intensgity is
performed by altering the high-frequency power applied
to the lamp and its series inductance. This is

20 controlled by the control processor 70. Only one lamp
is illuminated at a time. The other lamp is held in
reserve.

In this embodiment, the fluorescence reaction is

25 stimulated via a direct transmission mode of the light
through the wells 31. However, a reflective mode may
also be used which would require repositioning of the
UV light sources.

30 A UV source monitor photodiode 86 for each lamp is
positioned to intercept a small portion of the
radiation leaving the lamp. The resulting signal is
used to monitor the lamp’s intensity. This signal also
allows the control processor 70 to detect a decrease in

35 the lamp’s intensity so that the other reserve lamp can
be activated if necessary. |



30 A WV source nonitor photodiode 86 for each lanp is positioned to

i ntercept a small portlon of the radi ati on | eaving the | fis

resul ting ‘Q’ngﬁ@??’ used to nonitor the lanmp's intensi ty.@ul s srgnal

al so al | ows the control processor 70 to detect a decrease in 35 the

| anp's intensity so that the other reserv% | anp can be activated if
necessary. . - 23 -. The active

| anp is operated at full power only when W/ excitation nmeasurenents are
bei ng taken. O herw se, the lanp is dimmed to | ow power to conserve | anp
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acqui si ti @no readmgr@amlﬁ ghei gmahblllen%mmarl tldred fyht heoepBésol
processor 7 tching t om l_ow to |nt S|ty
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di scussed abolshowatjistFegt bd1)t he Iusmzd ®liintievsdtie yanys unwanteﬁpl | shed by
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its series 26& |nguc%aﬁ%%gbggpggnégggsgwﬁﬁﬁ%réﬁﬁ%ﬁgyﬁggﬁggg Eﬂaecrease

in |anmp curr erdMRS. t HEOT nesarple, r§h@t@ﬁ@§ﬂhﬂﬂ%ﬁﬂ#§ﬁr 83 fikltarsnoubrn

causes a jdecraaseary nlig"HE’ w&%&méh@éhs of th-gqq ey SOUF® Pame' ¢ \?k‘?@hiﬁ 92
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from t he B 1TESednbOt BPERBCABGe Y S lafP e &Y é?ﬁ"e%l %Whﬁltloncont rol
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t he 30 actld%r?%ﬁﬁﬁor g

high-intensity operation).

15
A UV source power supply 92 powers the active lamp. As
‘discussed above, adjustment of the lamp’s intensity is
accomplished by varying the frequency of high voltage
excitation applied to the lamp and its series

20 inductance. An increase in frequency causes a decrease
in lamp current as the inductive reactance increases,
which in turn causes a decrease in lamp intensity.

The UV source power supply 92 also includes high
25 voltage reed relays (not shown) to transfer power from
the active lamp to the reserve lamp as directed by the
control processor 70. As discussed above, lamp
transfer occurs when the source monitor photodiocde
detects a significant decrease in the intensity of the
30 active lamp.

In operation, the visible light source assembly 80 and
the UV light source assembly 81 are sequentially
energized. After one complete rotation of the carousel
35 50 (i.e., one data accumulation cycle), another type of
wavelength illumination is energized. For example, in
one arrangement, each column of LEDs (i.e., red, green
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rotation oWot9&3¥dr ousel 35 50 (i.e., one data accumnul ati onPEY/EEW10504 .
anot her type of wavel ength illum nation is energi zed. For exanple, in
one arrangenent, each columm of LEDs (i.e., red, green

- 24 - and blue) contained in the-v24ible |ight source nodul es are
energi zed sequentially, then the UV |ight source nodule is switched to
full power, each |ight source bei ng active for one conplete of carousel

50 rotation. 5 This enabl es the_instrunment 20 to_gather test data from
each | D AST &&f‘i’elb LV bé&&%f‘?ﬁﬁ%r*é‘h? Y&%églﬁfllghﬁ/aw?@luéﬁ?( I‘F‘qq‘{jlrﬁs. In a

l|t;ref e(r]I red enbed %C:i:gbnfd&i seqiﬁémemm s tiewatReUDY nga@dwstché oll ;)vvedI
re re an ue, .r e optica
measur enent CBFCLAE 260 VL4 i ”%%s%\éfapﬁa%ﬁrna?aw JiBHE, s dsnt or - of

t he assenmiesm@l asutcilve Hedr i ane scahplheaed 66 throuseilbls® rodatgidn.

transmi tt gd S, vl Foeluhbe| BOAST d8cRa0ekacd dhud teron

excitation w't green or romt VI ST bl'e

sour ce nodul @@Ch IWPEﬁ'lbI@ﬁﬁho?@sfe@«ﬁ@drfam d!fﬁﬁregtsﬂ:m@@r Iof det ect ed

fromthe “9|M%N%iéﬂqﬂﬂfﬁﬁ t therANy I bBBkerfea emBblGHies®d aive, the
[

em ssion filter m nates 20 unwanted spectral conponents that may be

present in t FEIUCNGR phit dﬂ’%’ﬁ“b‘é‘?or‘é"d‘é?%@%?gm Bplireeshiy. Hed.

measur ement  gietinald blue aredditigenbodi nent, near - Infrared (IR) |ight
can be use d to performthe optical test scans. 25 As will be
appreci ated by one skilled in the art, a vari ety of means nay be used to

measur e chandes shown igptFIGS. charaheeopsibai.méasue‘ﬁmqﬂte systoEndi @@les or
an array of ??b’%% AP el di nent, a
plurality of I[1%::(;1 tect%r r&‘?l ufgjéyi‘gitgﬁ ggsegglg:gnr{a#es 5 (shown in
Figs. 7 AFPoPlar eSJpr%W]%Ie'élf}a’énktfbﬁ ajéangdsEpbithes vigidle :

light transmitted through each well 31 of the ID/AST

15 panels 30 during excitation with red, green or blue
illumination from the wvisible light source modules.
Visible fluorescent radiation is similarly detected
from the wells 31 excited by the UV light. A2as
discussed above, the emission filter 83 eliminates

20 unwanted spectral components that may be present in the
oﬁtput signal before detection by the optical
measurement system 100. In another embodiment, near-
Infrared (IR) light can be used to perform the optical
test scans.

25
As will be appreciated by one skilled in the art, a
variety of means may be used to measure changes in
optical characteristics. For example, photodiodes or
an array of photosensors may be used.

30

In a preferred embodiment, a plurality of CCD detector
modules 101 and lens assemblies 105 (shown in Figs. 7
and 8) are provided, one for each assembly 51 tier.
The CCD detector modules 101 and lens assemblies 105

35 are supported on a measurement system tower 103. The
measurement tower 103 supports the lens assemblies 105
and the CCD detector modules 101 so that they are



The CCD detector nodules 101 and | ens assenblies 105 35 are supported on a
measur enment system tower 103. The measur enent tower 103 SHQ?R#%@ %@f
| ens assenWO B335 and the CCD detector nodul es 101 so t PS8t e
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- 25 - oriented in alignment with the optical axis of one well

colum of the I D/ AST panels 30. The Béns assenblies 105 incl ude
objective lens 102. 5 The light from of each panel well colum is focused
onto the CCD arrays 104 by the objective | ens 102. Each CCD det ector
nmodul e 101 |nclu A, 2048- ni xel , for
exanpl e, qﬁ:e[fgencn arﬁ%g%%g h f&% g’%’ttg'c(%%elan {rr%:és'%%e;? a{,éi‘!
intensity ofqupmntaﬁumhmtIEdASeragblsaéﬁ-welI 31 when |Iluninated by
the red, green and bl ue LEDs. Visible fluorescent |ight is sinilarly
det ect ed by the CCD array, 104 under WV |ight excitatjon.

Al t er nat i vel yfhe Heeng/ 3sgemb k@ﬁtépﬁoﬁn§éﬁd@e0bJﬁﬁﬁﬂY¢cﬁﬁRﬁsb@% that the
CCD arrays; 1e¢hdletepit tHeom ofeéh@ﬁt 9aneqr w@llaordzﬁdmylﬁs bt &chse@r escent

l'ight from t he |1s 31. rrays, 104, ar§H£03|t oned relative
to each tier ORLOy r?ﬁpdﬁrﬁﬁﬁﬁelpﬁlﬁﬁ BT #-the
| ocati ons of the mells 31 in any colum of the | D AST panel s 30. The

ly light d li gh
pasai ng t hr oUIEh i nevse Ept BB R doas datiibsh LodR TEoAT R0 el 1 o
31. 1Tum;At2Q&&Imlmmla&sn@an @6Dearrayd rfeasgxangke] iy be intensity

of ihe uald s huganotrl ae gtbayechiACherecd Idiunaladrpychbe |1 ht

sour ce assenb Y-axi s umn i nfor mati on, epresents one
verti cal sH(ﬁ??ﬁﬁ%ﬁtYn@Brﬁﬁﬂbéntrﬁ§5§&&ﬁ%§jQﬂ?ﬁﬁgﬁwﬁ%ﬁﬁlveby Bhe COD

arrays 104. Mﬂén PlELshifg6eqf bi/ntaenaidan g&re%n and &§lLhé edede . det ect and
reasure the |y gty NtNSIEY LIOM 1, o€ 201U of) WelLS: X% ne
CCD array 104 under UV light excitation.
15 Alternatively, the UV light excitation can be
positioned such that the CCD arrays 104 detect the
reflected, or absorbed, wvisible fluorescent light from
the wells 31.

20 The CCD arrays 104 are positioned relative to each tier
to provide ample illumination over-scan of all the
locations of the wells 31 in any column of the ID/AST
panels 30. The only light detectable by the CCD arrays
104 is the monochromatic light passing through, or the

25 visible fluorescence emissions from the wells 31.

Thus, the CCD arrays 104 detect and measure the light
intensity of the wells but not of any other object
illuminated by the light source assemblies. Y-axis
column information, which represents one vertical slice

30 of information, is scanned electronically by the CCD
arrays 104. Multiple slices of information are
required to detect and measure the light intensity from
one column of wells. X-axis information is accumulated
with the rotation of the assembly 51 (i.e., the ID/AST

35 panels 30 are rotated so that the next vertical slice
of information can be scanned).



with the rotation of the assenbly 51 (i.e., the ID AST 35 panels 30 are
rotated so that the next vertical slice of information can be scanned).

- 26 - WO IO tivity of the CCD detection nodul es 101 i FCTUIRMed by *
the integration tinme selected for each CCD array 104. As understood by
one skilled in the art, light is conposed of individual photons. Each
photon 5 has an extrenely small anount- 046 energy associ at ed therew t h.
The amount of time necessary to charge the pi xels is called the
integration tine. Varying anmounts of photons emtted from or absorbed

by, the indiyidual ., , wells 31 e jncident on indivi | ,pi xel's within
oheh 10 0D SPRETCin tan b ey S Aok e Lo hodeff AP D) 4Bel o
proporti onal gbuerrhed by dért intEyration dimei sebgeatdobfori sachocCtohe CCD
arrays 104 i pre | ' ' [ hi. jye he present
o et i on Y, oglt ?‘%P?‘ﬁdcﬁg{‘ﬁ%‘%ér)\&g by & %g%gjr%%ba O B oht i
substrat es wlibghg & icompasiedmi caidividyabpehotess(i . Bacht phosgar ent or

optical l ygde ) B RSt i € e | abel, the
integratign ??%eapéegéyﬁﬁ?%gLnr(ﬂ téﬁ?ﬁﬁﬁtﬁ?o?n%ggﬂ]%%EOP%?%%g panel 30.
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i |luninated pyxehe isldduﬂﬁdfﬁhﬁ(ﬁﬁteéfaﬁiﬁne?ﬁﬁ%lgEVéryip Fb@bhhts
integration tine.is selected to be approximt . m, [l |i,seconds.

Ot her integr§ igﬁoipﬁﬁé qﬁﬁfgngﬁTéﬁrz%b%9§?%% R3nt FBP PP, 70 as
needed duri ngeflést Bigasfe incitdent rAShgivnibdgaBOpixels whahdnpeacdssi ng of
the accunyl a ' Mp\els i | | shed. t or
nicrocon??olFggsakgﬁh-ggqéjg%%fggﬁgﬁii?%%???gif%ogg §ﬁ2¥ %%H%agﬁﬁ%ﬁf$

det ect or REOEPE tioRAlELh the darokdentrbitghtrol | er 106 receives and

processes data fromthe associated CCD arrays 104. This data is
collected fromeach well 31 when i1l umnpated by the red, green and bl ue

I
LEDs and excrt&d135eartann himne gﬁﬂ’l” et ® ngCP T Fovat +8f &f gh@ | D/ AST

panel present invention is variable. This gives the present

15 invention the flexibility of having ID/AST panels 30
that contain substrates with a variety of optical
properties (i.e., transparent or optically dense).
From information gathered from the barcode label, the
integration time is set to control the gain for each

20 ID/AST panel 30. The integration time for the next
ID/AST panel 30 is set before it is illuminated by the
light sources. In one embodiment, a default
integration time is selected to be approximately 4.0
milliseconds. Other integration times may be selected

25 Dby the control processor 70 as needed during testing of
the ID/AST panels 30.

Data processing of the accumulated pixel information is
accomplished by four detector microcontrollers (and

30 supporting circuitry) 106, one for each CCD detector
module 101. Each detector microcontroller 106 receives
and processes data from the associated CCD arrays 104.
This data is collected from each well 31 when
illuminated by the red, green and blue LEDs and excited

35 Dby the UV light during the rotation of the ID/AST panel
30 via the assembly 51.



30 via the assenbly 51. - 27 -

In operation, the detector mcrocontrollers 106 use the p
si gnal gen¥PMBEBUy t he panel position sensors to initiatggﬁéﬁépﬂgg$a

acquisition via the CCD arrays 104. As nentioned above, the panel flag
signal 5 is generated as the panel position flags pass the panel

position sensors during rotation of the adenbly. 51. This signal is used
as atimng start point for test dat a gat heri ng. 10 The carousel 50
rotates continuously while the detector m crocontrollers 106 receive

test data gathered by .the arrays 104. In t hi | , e CCD

arrays 10 Wﬂ%ﬁﬁf%é%ﬁﬁ%&ﬁqéigéﬁﬁp€é iQBFgoFﬁnggPQH%§§ﬁ¥H%zi%%w% ?on,

turbidity angamelf Iilerestignesl) Jenerdtedebyehnhieapbpellhpositeiampati al

| ocation. T r&Hggg r e l4i s Al t he

| DO/ AST panel %%qgﬁy:% %?h@a%éel%eg?g%{ EE&%%?gégr?llte %ﬁ%e%@i%?

si nul t aneous layrnegEeilid  hdig dagntiogedabpysy t KEecERElr 129 IR wel |

col um of gt hg LQedd¥ATH RANAIEe 30ahe1i bbeitadhe¢1by s Fadd Hhe fpmel he

visible light sgurce assen2%¥(§gf_or excited by thgﬁpv "f%“ sour ce

assenbly 81. Position SAngors ; IAringreRstioRowt) the S89F™HIY el o AST 25

panel s 30 i s Thacatsicyrdyl pies fused ngs aa aligdngt Breet poissarfidr oreste series

of |inear ar%%g datﬂiscaqu Knowi ng how many steps the step notor of
Heve occ

the drive 5t qﬁf urred between the timng start point

and the registration mark, in addition to the first CCD 30 array 104 pi xel
where th eghst raf,l r s k4G | to
'ocat e pridei ciy GpPundFiy Hfdtes, pondihiougly MhiT e Tag Hgreses:

There are twiiGEAROHAELHDr kP | FRERdNSpLE8Es §asa Igmtimrek oY ®Reing the

test data acqiidhandrosess Idhg thisf ehbodieduees e of esifaps spati al
I nhonogenei ties . .
104 measure more than one variable in parallel
(absorption, turbidity and/or fluorescence) from
15 essentially the same spatial location. The
measurements are taken by the CCD linear arrays as the
ID/AST panels 30 "fly by." All the detector
microcontrollers 106 simultaneously receive the test
data from the CCD arrays 104 as a well column of the
20 ID/AST panels 30 is illuminated by the light from the
visible light source assembly 80, or excited by the UV

light source assembly 81.

A registration mark (not shown) on each of the ID/AST

25 panels 30 is located by performing an algorithmic
search on the series of linear array data scans.
Knowing how many steps the step motor of the drive
system 56 have occurred between the timing start point
and the registration mark, in addition to the first CCD

30 array 104 pixel where the registration mark starts,
gives the information needed to locate precisely any
well 31 on the scanned ID/AST panel 30.

There are two light source normalization processes that
35 occur during the test data acquisition process. The

first reduces the effects of spatial inhomogeneities

from well to well. The second normalization process



fromwell to well. The second nornalization process

- 28 - i nvol ves nonitoring the instantaneous source intensity

si mul t aneOM® 98453391t he CCD array 104 test data acqui si ti orPCT/USP8/0504 .
normal i zer panel serves as a reference panel for i nstrunent al
correction of the optical neasurenent system 100. Each tier of the
assenbly 51 contains one normal i zer -paBel which resides in position

| ocati on zero on each tier. The normalizer panel contains a 10 matriXx
of absorbers in |1 D AST panel - mell format. The normal i zer panel is
constructed such that it has nom, nal geonetry equivalent to the I D AST
panel s 30. 1nMR§W%§uﬂ9Eﬁt@FhﬂgtEgeanﬁﬁPPEéPeB&ﬁeﬁQﬁ§QﬁnlqﬂﬂﬂﬁﬁFY

overtinme and dimansfddeoddewtenethegltp Areay tpawkestldadd um nat ed

uni formy. é§?easur|n each normali zer panel well's output, a
correction f th wel | Is created to elimnate any
nonunlforn1t|es I n mell to wel | source intensity, to correct individual

wel | rL n_th ical &8, 20 to
corrpensate for §1che Fec uct %ﬁ%}% %E%gggt tﬁt Soggfe%ncy%a est data
col | ected frmmﬁ%ﬁﬂmQEFa%ﬂc®§ﬁ€Ct89nlﬁf thegoptdcadf megsuramemty 51 is

correct ed (n%ry?dérﬁefﬁoforEach E‘*ﬂ&rCB@ngﬁé 'a%stepﬁl%pts'lc%orfﬁ’ﬁ:?én Shoce the
nornal i zer anel for that tier was | ast read I n one enbodi nent,

a sel ectably %ﬁﬁFrRﬁE%%rBHﬁFFcreSldﬁﬁgHP POFAL B FRRELPR near
i 1lumi nation zfe:zfo e dadh tierof whef abimaglilzeropake ryr@liderapanel . The

profile IlJum nation jntensit ég t he_col S _piecew.se 30

adj ust ed 1% mr\ﬁjﬁé i TR RSEEc By ¥PZ %gggnF&r v 'iirin fornﬁ) e wef?€ in the

col umm of thmammaﬁmzexwp@nabl1sThenstrucobdnsacm=uﬁdttﬂuahdﬁAST panel s 30

are then I %%E:

response of eaéﬁHﬂQ%Eg I%§g§¥gigﬁglﬂgozgg ?ﬁ%ﬁﬁ%? neasured wth

uni f orm sensf@h@n#%ﬂqwg%ﬂ fr?llﬂethél Fom‘alllé@é‘t p@@@hm%unptea&am umm.
overtime and transmits the same light intensity when

15 illuminated uniformly. By measuring each normalizer
panel well’s output, a correction factor for each well
is created to eliminate any nonuniformities in well to
well source intensity, to correct individual well
signals for losses occurring in the optical system, and

20 to compensate for the reduction in LED output over
time. Test data collected from each ID/AST panel 30 in
a tier of the assembly 51 is corrected (normalized) for
any changes in the optical system since the normalizer
panel for that tier was last read.

25
In one embodiment, a selectably energized monochromatic
light source provides linear illumination for a column
of uniform wells of the normalizer panel. The profile
of illumination intensity along the column is piecewise

30 adjusted to provide uniform detector response for all
the wells in the column of the normalizer panel. The
columns of all the ID/AST panels 30 are then
illuminated with this profile. The normalizer optical
response of each well in the ID/AST panel 30 is thereby

35 measured with uniform sensitivity for all the well
locations within each column.



- 29 - As mentioned above, the signal fromthe source nonitor

photodlode 84 is used to determ ne any changes in vi si bl e
assenbl y' SV@PB3Mt intensity as t he carousel assenbly 51 Jﬂgﬂgésg%g&vw |l e

the normalizer 5 panel is used to nonitor relative spatial variations of

I ntensity, the source nonitor photodi ode 84 enables the pr esent
I nvention to nonitor quasi-absolute intén%?ty .as it fluctuates
t hroughout a single rotation of the carousel assenbly 51 or varies over

a long period of 10 tine. The source nonitor photodi ode 84 is nonitored
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due only to theiln LAt RIPREE tdESembi{ g é@agg % '1'?164??51’\?}“
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current scanthBaCRrQnsent2MREY | Dh r°t§§e§pplW361@OQHﬁEQRﬁ%?¥ﬁF%F

per - pi xel sbagahel?ls uséd’l 2 mbhBE st réﬁaeﬂbédsgiztlalaxﬁdrbi@@.ﬁ&wtoﬂl si bl e

l'i ght source.and a .fil wheel (not shown) ca e t of the
vt Sl o1 i TESHREY o e St s et £o8 phEReatedE e anartins
plurality of pseesntalirRerdtidertso honitos qubedi-absiolute iexzoens ety

absorption d s_a u

consequt 1ve A8 ot dil s TRRtRaBRE Ak Epgi8 ic b N Gne

measur ement s CaTOUSSuiaREIREY gl aorouarhes oveyt at lomg Periednpfeting the
first rogati @anor %@%Méé%&ﬂﬁéﬁd?ﬁs%a&ba@ %'21 ] &A&f@éf&@s (this

S done far each of the nel s g | er) | ter wheel I ndexes
to it's firstiEPddAnaousiy é‘\’ltl'l‘Jp% ReGERi Agray atcl‘i@:'*r’?d-rtri*é?r%'zerﬂb%nel t he
filter wheel dotites hﬁlﬁcrocoﬁ@ﬁ@ﬁﬂeﬁpﬁcsrnhsf Il:b:bercor'E%iitﬁﬁi FREEBGESI i on,
35 nornallzatlon and the coq$ aélo ﬁrogea £ SCri ch bove, are
repeated for CadPRpedt? 24115 t hPR©-t HE a” e | S0 + Y
col ori netri c diffananms etrween test data scans are due only to the

15 optical properties of the reagents in the wells 31.

Each detector microcontroller 106 also receives data
from a CCD dark current scan. Dark current correction
is applied to the data on a per-pixel basis.

20
In an alternative embodiment, a fluorescent wvisible
light source and a filter wheel (not shown) can be used
instead of the visible light sources discussed above.
The filter wheel contains a plurality of spectral

25 filters. In this embodiment, for example, absorption
and turbidity measurements are acquired in three
consecutive rotations of the assembly 51, while
fluorescence measurements are acquired during a fourth
rotation. Upon completing the first rotation for

30 normalization and registration mark locations (this is
done for each of the panels per tier), the filter wheel
indexes to it’s first spectral filter. Upon reaching
the normalizer panel, the filter wheel indexes the
second spectral filter. Test data acquisition,

35 normalization and the computation process, as described
above, are repeated for each spectral filter within the
filter wheel. After colorimetric measurements are



- 30 - performed, the visible fluorescent source is turned of f.

The filter wheel indexes an emssion filter and fl uorescence

measur enerWQ98F80 aken in a sinilar manner. 5 In or derPGHUSBHLY t he
post - processi ng burden, all pi xel information not associated with | D/ AST
panel well's are elininated. For exanpl e, the anal og si gnal fromthe
CCD array 104 can be digitized and the 103@etector m crocontrol |l er 106 can
t hen process the digitized signal accordingly. The test data for each
well 31 (i.e., the light intensity information) is then aver aged. The

[ [ f d d I d f t he CCD
T ay 104 f oPBESCRMES e FEo S AP aEPRGSBFoUBEe S, FESht oger
nunerical vabfé.foTheadivedrt weelnindexesi anl emdbsdon fiid terocuskd for
eaCh dat a aCEE{IB%%%c%)c@’%e%édr ent %ﬁgl cg{:ﬁﬁ” 1gnd BLHg Ll um nation and

I ght EXCl or ma en"sent via a 20 nmulti-drop
serlal dat a mpanem-ssi on protocol to the control processor 70. I n
one enbodgnent, spatially averaging of an anal og signal fromthe CCD
arrays 104 |s performed by the 25 detection mcrocontroller 106 so as to

elimnate IBnREARE t&ptﬁ'%c%nﬁ"%lﬁ%ﬁl BRPCEPELRGcPYTAREm Sdripl e

col um dat a. pII?t%lSﬁ.aiﬂoa&ma?ddﬁfrﬁg:hdilg a§s@©ié@éﬁeﬂhdﬁl 19 /ASTP el anal og
deconnutation iﬁsthe |nteqilty

ﬁs ?hog %} nal . .30
shown in FI G4 5t f&S %Wﬂ Fretessh r?%x?@P ant88 2 ﬁgtﬁ§3§%§nronlc
conpar t ment €Zouf thiee QG tanreagnt104 emnlbeudegﬁelzéﬁeandntme processor 70

s ensebt WRloLastlo PA0E 143, o AT oLLach BRIV o) 32
| oudspeaker / Adgiices @rlrﬁnaﬂhea%wgbmgly pFBeessst vata £ou machles an
/O interfacgehgand, @.e., the light intensity information) is then
averaged. The averaging is performed based on a per-
pixel value received from the CCD array 104 for each
15 well 31. The averaging produces a single integer
numerical value for each well 31. One numerical value
is produced for each data accumulation cycle (i.e.,
red, green and blue illumination and UV light
excitation). This information is then sent via a
20 multi-drop serial data transmission protocol to the
control processor 70.

In one embodiment, spatially averaging of an analog
signal from the CCD arrays 104 is performed by the

25 detection microcontroller 106 so as to eliminate
unwanted optical and electrical artifacts from sample
column data. The spatial averaging is performed using
partial analog decommutation of the pixel intensity of
the analog signal.

30
As shown in FIG. 4, the control processor 70 is mounted
in the electronic compartment 62 of the instrument
enclosure 60. The control processor 70 includes the
instrument front panel 71, a keyboard 72, a computer

35 readable medium drive 73 (e.g., floppy disk or CD-ROM
drive}, and a loudspeaker/audible alarm. The control
processor 70 also includes an I/0 interface board, a



- 31 - CPU, nenory, an Ethernet interface circuitry, display
driver ci rcuitré3 none of which are shown). The control £§f’§’§§89{”5‘¥40 can

al so be pr¥P%¥EFMith a nouse. 5 In operation, the control essor
perforns the followi ng functions by executing instructions stored in

a conputer readable medium The control processor 70 senses the hone
flag nmagnet on the drive ring 52 via - Bhe-hall-effect sensor 55. This is
done in order to 10 properly index the | D/ AST panels 30 which are nounted
on the assenmbly 51 while being rotated. Hi gh-Ievel comands are sent to

t he detector gu.crocontr IIe S e es t he

| OF AST panel sd%. (%ne%omg e%fs}g?rne’f: ?H glﬁ%?ggﬁg sourcé} aséjeér:%?‘g{’m s 15
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The control Ydcessbt! 41 eahealgeebét tr%w SRt éErPéuéé on the

panel carrlers 53 T e I ndicator LEDs dISCUSS above,
identify which I'D)AST panel s 30 have been tested 20 and can be renoved from
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bar code | abel's of each AST panel S 30 in assenbly 51 and test data

for each qqygﬁﬂ'?ﬁ§@$b§ﬁ SFfWBF%ﬁePeP§9fé&9§F§ﬁ tfﬁ?%%h%?ﬁ? 35
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The intensity of the UV light source assembly 81 is

15 controlled based on the signal from the UV source
monitor photodiode 86. The control processor 70
illuminates the status indicator LEDs 54 on the panel
carriers 53. The indicator LEDs 54, as discussed
above, identify which ID/AST panels 30 have been tested

20 and can be removed from the assembly 51. The
incubation temperature is also controlled by the
control processor 70 via signal/control lines
operatively connected to the incubation heater.

25 The control processor 70 also receives the data
generated from the barcode scanners, the barcode reader
and the barcode wand 72. As discussed above, the data
from the barcode scanners is used to correlate the test
data gathered to a particular ID/AST panel 30. Each

30 data accumulation cycle (i.e., one rotation of the
assembly 51), the control processor 70 expects to
receive data related to the barcode labels of each
ID/AST panels 30 in assembly 51 and test data for each
ID/AST panel 30. If either is received, the control

35 processor 70 determines that an ID/AST panel 30 is
logically present in that panel location. However, if
both types of data are not received, the control



- 32 - processor 70 discards the data for that accunul ation cycl e.
Upon the conpl etion of one data accunul ation cycle, the 5 control processor
70 recei vaeo 983330l |y the data from t he detector nicrocontRGVYEBL05d6.
This data is stored in the nmenory. The control processor 70 then
interprets the data fromthe IDwells 31 (i.e., from the wells
associated with the ID portion of the ID/3ST-10 panels 30 as di scussed

bel ow) to produce an organi sm identification. The control processor 70
al so interprets the data from AST well's 31 to produce either MC
results or, via National Commttee for Laborator St andar d ,( NCCLS)

gui del i nes, PFB8EB8ESTard OsHiSEHEds £haxdta e?%d%—/]%& agruREdpsioR (SIR
result whichetyreigrs to breakpoi nt for AST categories. The final results
for the I D) AST panels 30 are stored nenory and nay be downl oaded to a
fl oppy disk, for exanple, to conserve storage space within the nenory.
20 O her Upnntthascpmpm@uﬁantgﬁtdmeo@mtao&cpumuka;dpn?@yclé ndihede
conmuni cagin e | t d c Ge- a loca
area net\/\%rkg ﬁgk§l ﬁ%% %%QSE rggéé¥%£$d¥Q£kall¥ €¥é 8%’ortﬂ%performng
start-up 25 Eh@ dﬁégﬁ&@ﬁ’@%ﬂﬂchnﬁﬁ lerantlpe tﬁb@stﬁétanmﬁwﬂﬁﬂﬁed 20

I s operatingjgr Qﬁériniémo%@d e %dﬂ@r@?%?@ééé‘éér 70 &h8hm si gnal s. The
control processor al so provi des operator _with a graphical -user

i nterface (n6Pterpr§ﬁ§wﬁPQHQ§QQM;W9EtF%%e%? V?%%F pandf- -2t . Mhccepts 30
user comndglandenmsulhswo@ﬂahﬁed(e,ymartdt|1821D portlsﬁ%dlfnltm@ tI;nJ/IﬂSiS Each
3A- 3C, I D) AST _panel.s are | ed i n_a.conbination f.ornmat ac

| D/ AST pgﬁel p@BeIS §I@a?sr g‘ ecﬁ"tS%q Ib%%gﬂ [ ‘g%sPESSHSFeaB‘r Em ng I D and
35 AST testi hgephifhecatdom.parile gontiretussedeabove /0t Bdso | D/ AST panel s

30 1nclude thacuRplacdl (M ditt DGR RST wel PROSE. LN BrtinIcE TidHer

segregated i section
MIC results or, via National Committee for Laboratory

Standard (NCCLS) guidelines, produces an Susceptible,

15 Intermediate, or Resistant (SIR) result which refers to
breakpoint for AST categories. The final results for
the ID/AST panels 30 are stored memory and may be
downloaded to a floppy disk, for example, to conserve
storage space within the memory.

20
Other functions performed by the control processor 70
include communicating with externally connected network
devices (e.g., a local area network (LAN) and the
like), providing a printer port, performing start-up

25 and diagnostic-self tests to ensure that the instrument
20 is operating properly, and generating appropriate
alarm signals. The control processor 70 also provides
the operator with a graphical-user interface (not
shown) via the instrument front panel 71, and accepts

30 wuser commands and input via the keyboard 72.

Returning to FIGS. 3A-3C, the ID/AST panels 30 are
supplied in a combination format. Each ID/AST panel 30
has reagent well positions capable of performing ID and
35 AST testing on the same panel. As discussed above, the
ID/AST panels 30 include the wells 31 and the barcode
labels. The wells 31 are segregated into an ID section



- 33 - 33 and an AST section 34. The ID section 33 of the | DY AST
panel 30 consists of fifty-one wells 31. The AST section 3

| DY AST parVéP 98838bnsi sts of eight-five wells 31. For exarﬁ)@gg&’%g%l S
31 of the 5 AST section 34 nay contain dried antibiotics therein. The
| DY AST panels 30 al so includes a base 35, a chassis 36, alid 37, and a
cel lul ose acetate pad 38. Each IEVA&H‘%aneI 30 al so includes a panel

| abel (not shown) 10 which includes i nf ormation to identify the conplete
manuf acturing history of the particular | DO/ AST panel 30. The

bar code | abel,_provj des |on | at | type and
al so has a ur:'}l q dls J’#t%% 3%, ?gedg ?%lcc%gtqno?{)\u%r p@?@% The
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fluid or an AST i nocul um fl whi ch is then poured into the test

panel . The I D/ AST panels 30 are inclined wi th the inoculation ports 39
at the top fmhéijﬂﬁxﬂm panefbpaoaamsbnaﬁuuadeseaa&@s@lﬁﬂuuélghassihe | D

d | h I d
Mth the 1D Pocd afd 101 389 ReSeiorifhn 2ot tAR ARy nsatllel 't ovar d
t he pad 38 ERARSR | parsdl 30 ahsohénASTlidssch pargl ilabeloc(nat eshownh the
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toward the pmm{factgav@qqns\emswrysqef. shee pegy iy tk‘ /r%gSTumle to fill

the well 31. 39, Each well 31 has a sharp, circular rimto separate a

The barcode label provides information related to the

15 ID/AST panel type and also has a unique sequence number
for identification purposes. The barcode label can be
provided in Code 128, numeric format or any other
suitable barcode format.

20 Each ID/AST panel 30 is inoculated with an
broth-suspended organism before being placed into the
instrument 20. In practice, the microorganism is a
processed and resuspended dilution of microbioclogical
growth from primary culture in either an ID inoculum

25 fluid or an AST inoculum fluid which is then poured
into the test panel. The ID/AST panels 30 are inclined
with the inoculation ports 39 at the top for filling.
Separate inocula are added manually to the ID and AST
ports 39. Each well 31 in the ID section 33 is

30 inoculated with the ID inoculum fluid as the inoculum
flows down the panel toward the pad 38. Each well 31
in the AST section 34 is inoculated with the AST
inoculum fluid. The inocula flow down the ID/AST panel
30 in a serpentine fashion, f£illing the wells 31 as the

35 1liquid front progresses toward the pad 38. Each well
31 is vented, permitting liquid to £ill the well 31.
Each well 31 has a sharp, circular rim to separate a



- 34 - consistent quantity of liquid fromthe excess and to

i solate each well 31 fromliquid in adjacent wells 31. The §§¥a§
absor bs eX¥Q8¥5330yyi d. 5 The | D/ AST panels 30 are inocul at He -

I nocul um fluids at a panel inoculation station (not shown). Each
station holds two tubes of inoculumfluid .e., the ID inoculumfluid
and the AST inoculumfluid) and suppbr% one 1 D/ AST panel 30. Gavity
drives the 10 inoculumfluids through the I D/ AST panel s 30. The I D

i noculum fluid and AST inoculunlfluid conpri se t he reagent subsystem
whi ch includ g | e [ d terial

col oni es intggfg ng%gr %ﬁ6b3I q? <§ﬁ%8t?%§ﬁt§ﬁ 2% %%%ecqggn 3 and

the AST sectLenlaﬂeoéapheWE@ﬂASD-dénnhslﬁﬂuld in aﬁbeCBDU|waiﬂaﬂﬁIJ|ﬂ dis
used for org@ﬂgsghd 38 AL fﬂ#é&bspi @ﬁi&ty of ID inoculum fluids can
¢

be 20 used, although a saline ution preferred. A det ergent may
be added to enhance | D/ AST panel 30 filling in the panel inocul ation

station. Br eméabbyAsrr ke ligh oyl dare dﬂﬁks'm&yatea WPrpakdle iideadaithon is at
|l east 1 x 10 A varlegxl 4 i dentifi,catioon 25 reagents may be

used whi ch |%$P& g ﬁ eﬁopﬁﬂﬁ}aﬁﬂPc 1HoR- RFEF &Rt PRY0IS INT). A
vari ety of sBhshratasion huﬂdsﬂﬁubtEuhssdoﬂhnnbcuﬁuhu&&u&dwmﬂué ,

Urbel |i ferropg r "RV h A | )
derivati ves, Epara Ng?lr %ug"glf%ﬁr# vaelf?v%igé Xé‘g I[i:[11 P%W?&ﬂé)Th%ST
|noculun1f|uSéPDQ@&Sf@meASDAﬁﬁﬂﬂpﬁnﬁﬁlbﬂ i sGravitypdicfives ftdraul ati on of
Muel | er - ifpnt Qﬂoehqm flul%fseft@ﬁ%ug}h §ﬁ§ n;ﬁ?gglrug?ﬁ%&g gy for AST panel

i noculation Is at least 1 X 10[err erent 35 inocul um
densities may be used for other enbodi nents of t he present invention

such as "rapirde ABTimesfuli@f HIheid and AST inoculum fluid comprise
the reagent subsystem which includes all reagents
required to process isolated bacterial colonies into
15 prepared inocula for addition to the ID section 33 and
the AST section 34 of the ID/AST panels 30.

The ID inoculum fluid is used for organism
identification. A variety of ID inoculum fluids can be

20 used, although a saline solution is preferred. A
detergent may be added to enhance ID/AST panel 30
filling in the panel inoculation station. Preferably,
the inoculum density for ID panel inoculation is at
least 1 x 10° cfu/ml. A variety of identification

25 reagents may be used which include Phenol Red and
Iodo-Nitro-Tetrazolium (INT). A variety of substrates
may also be used which include 4-Methyl Umbelliferrone
(4-MU) derivatives, Methyl-Amino-Coumarin (4-AMC)
derivatives, para-Nitrophenol derivatiwves, and Esculin.

30
The AST inoculum fluid used for AST determination is a
modified formulation of Mueller-Hinton broth.
Preferably, the inoculum density for AST panel
inoculation is at least 1 X 10° cfu/ml. Different

35 inoculum densities may be used for other embodiments of
the present invention such as "rapid" AST test results.



- 35 - These are AST test results obtained within sixteen hour s of
| DF AST panel 30 _jnocul ation. A variety of AST indicator ed.
The prefer‘P'90°84§3 %%di cat or for AST determ nations in the presgﬁmggﬁjsu‘?
invention is alamarBlue[err], a redox-buffered oxi dati on-reduction

i ndicator. The indicator is added to AST inoculumfluid and m xed
just prior to addition of the nicrooréénisnksanple to be tested by 10
the instrunent 20. As mentioned above, the control processor 70
interprets the data fromthe wells 31 for the purpose of det ecti on,

identificati o, SHsCRRT Pbkt! Ykt Gbtkd ntie M {19! sPLkLEBRSOr Uuses

three variable threshold, = levels to interpret this data: an absolute, a
dynami ¢ KT of | TR/ DRTcRABRY. 3PhdMariLAF 49 absol ut e t hr eshol d,
a positivity assessnent nmade by determ ning if the normalized well 31

reading i s ahove (positiyve)_20,or..bel ow (negative) a.given predeterm.ned
val ue. Wen % Y?s“i(jﬁ%tif h%gdéﬁémlgdﬁﬁ'ﬁé:ﬁﬁﬁ &a%’att?eeé‘lj%?ﬁ' re'gla?i Bﬁegerred
det er m natd onindicatconl f6edA8Ti dgtemmsinatdihs irsadumdedesértences or ot her

mat hemat i cal %@g%&%@ﬁi?&s?lamgﬁrs‘iﬁtemtignfgak .-Bﬁlf%%%dto the

rat e- of - change" 5 Signal "Increase a$ unction of "time by determ ning
when cert ai n greicdaet @n srefluchaovalodised®.i r Sihe gmflbgator is added

second-di f f ereNcase NRyp PREBueYRCEdda \WIRD iStd sk ]%riéiraE:bVe
t hreshol d, a reagent reactjion determnation iIs made by settin

a
threshol d a R EPHI AEJCPEr PERTLGE IBR LD RN St Arke nﬁe§F§ﬁa%YI evel of
the well 13l ithe insteshént. 20. In operation, the | D/AST panels 30 are
nount ed and i ncubated in the carousel 50 of the instrunment 20. As 35
the visible Iight source assenbly 80 and the UV |ight source assenbly
81 are energixsdnsmgientdabbpyveoneéhe control processor 70 interprets

the data from the wells 31 for the purpose of
detection, identification and susceptibility testing.
15 The control processor uses three variable threshold
levels to interpret this data: an absolute, a dynamic
and relative threshold. When using the absolute
threshold, a positivity assessment made by determining
if the normalized well 31 reading is above (positiwve)
20 or below (negative) a given predetermined value. When
using the dynamic threshold, a reagent reaction
determination is calculated using first- and
second-differences or other mathematical manipulations
of detection data related to the rate-of-change of
25 signal increase as a function of time by determining
when certain parameters of the calculated first- and/or
second-differences have been exceeded. When using the
relative threshold, a reagent reaction determination is
made by setting a threshold a predetermined percentage
30 above the starting signal level of the well 31 in
question.

In operation, the ID/AST panels 30 are mounted and

incubated in the carousel 50 of the instrument 20. As
35 the visible light source assembly 80 and the UV light

source assembly 81 are energized sequentially, one



- 36 - reading is taken corresponding to the red, green, blue and
fluorescent wavel engths of |light. Based on the rotati on speed of the
carousel BUOBIM intensity readi ngs are taken at predet BEFHUSH10504 .
intervals by the 5 optical neasurenent system 100. For exanpl e, when
the carousel 50 is driven by the drive system 56 at an angul ar velocity
of 2.0 revol utions per mnute (RPM, -08é rotation of the 10 carousel 50
requi res 30 seconds. Thus, to accumul ate data for red, green, blue and
W wavel engt hs, two m nutes are required. Accordingly, in this exanple,

| et . of dat be t ak [ th t ' ti
Tuo i nutes, ZERES (15 SCHRER, BPEreaponaiag, Eh e gy GEFRRr L plue

di fferent angiid@drt msdo=stent wawglbagured ofol idjHtf .er Bise@son. ther exanpl e,
it may be | e C t ta .40 ' ot her
test data is rg%%érr%ts ea‘? §fgyh%’\;ay¥hﬁt%ﬁ,l s?%t' jlcn_‘%@a'\qaﬂ%\%%rlr% téye data set
woul d requi r caadingsl areéataken atnpredeterndmsidetimtervals|hyt hbepresent

inventionG;MﬁiggggixﬁégsﬁféMgﬁg Bgsedm 1000n the well 31 readings can be
obtai ned after 18-24 ours of fncubation. In an alterative enmbodi nent,

AST 25 results can be obtained within 16 hours of panel I nocul ati on.
Wth regard tmod dexdmbdiéptwhanachur asroulsea Wt:‘!sﬂdrive@rﬁgeﬁﬁér 70

i ncl udes an | IaxaT%%%abagg t hat _i ncl udes 30 req%iL%%hgn 26 species for
gram negat i v&€ o fari SRS 2% aftd 1033858 o Gr sftPve organi sns.
The cont r ateyowlocescns POramsnutec|(RPY ,ammdSrdiea olat abashe

equi val ent, t ]nﬁi t eLfo ra I Lpve B
-negat i verlso. Ic'—boér ée%)u%ggggﬁg?éis‘#):%% e{% %téﬁs?fg, rﬁrhues 'pftgé e%{:ééﬁlr?gggtt: on al so
i ncl udes a délataskor regli hguepnhukaneandds diemavglenatnsi ckwbi cs
currently  pi\¥es are required. Accordingly, in this example, a

complete get of data can be taken by the present

invention every two minutes, Since it is possible to
15 wvary the angular velocity, different angular velocity

may be used for different tests. For example, it may

be desirable to accumulate UV data at 1.0 RPM (while

other test data is accumulated at 2.0 RPM). In this

case, a complete data set would require two and a half
20 minutes to complete.

In the present invention, AST end-point results based
on the well 31 readings can be obtained after 18-24
hours of incubation. In an alterative embodiment, AST

25 results can be obtained within 16 hours of panel
inoculation.

With regard to identification accuracy, the control
processor 70 includes an ID taxa database that includes

30 greater than 126 species for gram-negative organisms,
and 103 species for gram-positive organisms. The
control processor 70 also includes an AST taxa database
equivalent to the ID taxa database for both gram-
positive and -negatives. For the purposes of AST

35 testing, the present invention also includes a database

with all human and veterinary antimicrobics currently
known.



- 37 - Whil e the present invention has been described above in terns
of speci fi\g()%g}g%' nments, it is to be understood that the ip¥pRrisb®ivsod not
e

i ntended to confined or limted to the enbodi nents di scl osed herein.
On the 5 contrary, the present invention is intended to cover vari ous
met hods, structures and nodifications theggof  included within the spirit
and scope of the appended cl ai ns. .

- 38- VWHAT |S CLAIMED IS: 1. A diagnostic m crobiol ogical testing
apparatus, conpri sing: a carousel assenbly adapted to nmount a

plurality of w3l RAE!Sro&feie hon{BAtAcR! Wadl WaerPfaawd+ Sod@rabe¢ei Yhng a
test inoculumfluid for producing a_reactior; . a plural t% of |ight
sour ces capalsieFmss ofi r ?*&ﬁ?iﬁﬁP°GFmﬁP§§etéFnPﬁb§QQ§&ﬂ¥ﬁéﬁ gtP8Hard the
wel | s of thetesi anelmvdme tansest hetwdhtendednid s ahsbibedi ght based
on the reacti,qn .of et i L | .uid; ight detgect] uni t

di sposed opp&slinﬁg"eséain-’ao I&S‘%}te@%aéé flﬁ:g’aidgﬁql&ste%g{ée%]}%h uﬁlﬁtkﬁgr

det ect i ng 5t hedntglaryen thedfesent oinykosiioad isy intended | sootovers at | east
one test panel, %ﬂﬁ{ ' §d C S t At [ during
testing so tﬁ.}Sttr eac q%%\_ﬂ?ﬁ%gi eg{tégggggf%%pg‘?gegn%%%eﬁtg% F#gﬁ‘t%gour ces
and said |ighHndadad i(withiptthe ppimit pnghecans 1 fhengreendsdor bed by,

the wells of &ihgmeLst panels to be detected by said |ight detection unit as
the test panels nove past said |ight sources; and



a controller adapted to receive nal s generated by said

| i ght detection unit, each si gnaﬂnuumﬂ I“ﬂeﬂ'!"ﬂl?respondl ng é "J%E 4 9
detect ed fWOMMBEEOH wel |, said conttoll et fbr Hetlermining a tgf @hsb for
each well based on the recelved si gnal s. . An apparatus according to
Claim1, wherein the inoculumfluid conprlses one or nore reagents and a

m cr obi ol ogi cal test sanple. 3. An appéﬁarus.accord%ng—tomefarﬁrz-
wherein the i noculum fluid produces a reaction forTégOV|d|n

i dentification test result Sheet Has eeﬂR eplagg - 4.
An appar at us accordr m 2, wherein the |noc+uuul uces a
reaction for gL ﬁMﬁﬂtFﬁlotlc susceptlblllty . An
appar at us accordlng to Claim1, wherein said |ight sources are arranged to
be proximate to eagch el n g s and said
| i ght detect i%n u%tdig&hggegg m%g%%%gg)&%ga\g%glr dééaég]fﬁé é%?égli{'&ﬁ\%ﬁere I n
said |light deterepxbsingit includes a |inear CCD array. 7. An apparatus
according to d ai @6ca£8ﬁ%5§ra§9%E§ BASPAS O meRat | 8 %)!ui%%.%@' ng an

anal og |inear CCD si romsaid near CCD array so_as [o elimnate
unwant ed opt i @&l t@FE Eﬁ@@i?lEéphaPFWﬁﬁﬂnéfﬂ%ﬂﬁ%%&&yeOEoWﬁﬁﬁsdgFg'of sai d

linear CCD arfédeiviflg aABegPPandiculvar @didgd® gredutingwher ei n said
aver agi ng neans gerforns said spatial averaging using partial anal og
decomut at i onF A HFRRBf intensity of the

a plurality of light sources capable of directing

light of predetermined wavelengths toward the wells of
the test panels to cause the wells to emit or absorb
light based on the reaction of the test inoculum fluid;

a light detection unit disposed opposing said
light sources, with at least one test panel being
positioned between said light sources and said light
detection unit, said light detection unit for detecting
the light emitted f£rom, or absorbed by, the wells of
the at least one test panel, wherein said carousel
assembly rotates continuously during testing to
position each of the test panels between said light
sources and said light detection unit to permit light
emitted from, or absorbed by, the wells of the test
panels to be detected by said light detection unit as
the test panels move past said light sources; and

a controller adapted to receive a plurality of
signals generated by said light detection unit, each
signal respectively corresponding to the light detected
from each well, said controller for determining a test
result for each well based on the received signals.

2. An apparatus according to Claim 1, wherein the
inoculum fluid comprises one or more reagents and a
microbioclogical test sample.

3. An apparatus according to Claim 2, wherein the
inoculum fluid produces a reaction for providing an
identification test result.



anal og |inear CCD signal. tllﬁmmuﬂnh‘,% uldi ng to Jaim1, wherein
said light detection unit |nclude ray, said es
are capablVeO8¥/538] ect abl y generating honochrofati'c | i ght andbégﬁ&%gﬂgﬁf

sel ectably energized to produce red, green or blue wavelength Iight, said
carousel assenbly is also adapted to nDunt a nornalization panel having a
plurality of normalization wells, and the Blurallty of received signals

i ncludes a normalization signal generated by the |ight detection unit from
the light emtted from or absorbed by, the nornalization wel | s of the
normal i zati on pan & 10. An
appar at us acgdrdl %‘t?@%ﬁ?ﬁ% aﬁﬁ@Fg‘f" t K€ sce ec a2bfl y ene Qflzege
nonochronatlaﬂqqyﬁumNEWuﬁéaprQGBaeS|almwammmqn1ﬁnnnpxptudunﬁ afh wells of

t he nornallz %#%%l%%¥% éﬁSéQ§e£B§i% €St rekh1tAn apparatus according to

Cl ai m 10, conpri sing ans plecemnse adj ust ment al ong the

col um of mells in the normalization panel. 12. An apparatus according to
Cdaim 11, furgher p&pragﬁbasw@ugeaaéoi:a&ng lbaricnatima 2 wisbbena shidel |s the
test panels usin

um nation profile, thereb al | owi n p
response of @it qu”f‘be%eaﬁ%ai‘ﬁ?:gﬂgﬁdt UM RHEEIRE € F/gt 931081 E:§IS% vel |
| ocations wi tﬂuﬂeleaﬁktawé@rmetweéa sAd dafifaytat usowmomes dang saidl dbght,
wherein caro%ge% SS8 % és al so adapted to nount a nornalization pane
havi ng a plur g %i} - norhal i zation well's, and the plurality of received
signals includes a normalization signal generated by the |ight detection
unit fromthe light emtted from or absorbed by, the normalization wells

of the nornalization panel.
6 An apparatus according to Claim 1, wherein said

light detection unit includes a linear CCD array.

7. An apparatus according to Claim 6, further
comprising means for spatially averaging an analog
linear CCD signal from said linear CCD array so as to
eliminate unwanted optical and electrical artifacts
from sample column data of said linear CCD array.

8. An apparatus according to Claim 7, wherein said
averaging means performs said spatial ‘averaging using
partial analog decommutation of pixel intensity of the
analog linear CCD signal.

9. An apparatus according to Claim 1, wherein said
light detection unit includes a linear CCD array, said
light sources are capable of selectably generating
monochromatic light and can be selectably energized to
produce red, green or blue wavelength light, said
carousel assembly is also adapted to mount a
normalization panel having a plurality of normalization
wells, and the plurality of received signals includes a
normalization signal generated by the light detection
unit from the light emitted from, or absorbed by, the
normalization wells of the normalization panel.



14. An apparatus according to O ai | d controller normalizes
the received signals correspondin ﬂl}ﬁi‘ I!E the test panel s using
t he nor malW@&BHSHWsi gnal . 15. A ing to C BFMUB8/}145P4 her
conprising a plurality of optical fllters each optical filter disposed

bet ween the test panels and said |ight detection unit for passi ng

t herethrough only light enmitted from or #$orbed by, the wells having a

pr edet er mi ned bandwi dt h about a predeterm ned wavel engt h.

- 41 - 16. An apparatus according to Caim1, wherein said lights

sources include a first ht source capabl e sel ect en atlng
nnnochronatlCIQ1gh%nain%rgEE§n&clCﬁﬁplgb éﬁéﬁﬁﬁ gg é@ggr

| i ght. 17. Mwmbmuenecgmzédngtdrmdﬂmmaﬂz&; MEI prowiidebi rst i ght
source conpri p al it fr LE e LEDs and a
plurality of %Q{Etgi Hx‘gg(?ﬁ‘ %fq'ega:%g qalur%#] ?a%/ E%Dgf g:ﬁng sel ectably
ener gi zed. nﬁrmwm1a@paoatpsn&dc@ﬂdeytﬁﬁsgzpanels wherein said first

| i ght source conprises a plurality of LEDs arranged in a predeterm ned

manner . 19. An aggaratus according to Caim18, wherein said plurality of
LEDs are arrahyed apeaFakishARCRFH D afdaimolf onfBEEREENd wher ei n

the LEDs are é‘ﬁ? ﬂsShQSﬁéahQQQUierpﬁicétﬂ%é caa;'p\r@luhétﬁtbatbe@ emds as

enter ortion af col um
conpared to th lumn og walTE"5E Ry norméilza ion panel.

12. An apparatus according to Claim 11, further
comprising means for illuminating a columns of wells
the test panels using an illumination profile, thereby
allowing an optical response of each well to be
measured with uniform sensitivity for all well
locations within each column.

13. An apparatus according to Claim 1, wherein
carousel assembly is also adapted to mount a
normalization panel having a plurality of normalization
wells, and the plurality of received signals includes a
normalization signal generated by the light detection
unit from the light emitted from, or absorbed by, the
normalization wells of the normalization panel.

14. An apparatus according to Claim 13, wherein said
controller normalizes the received signals
corresponding to the wells of the test panels using the
normalization signal.

15. An apparatus according to Claim 1, further
comprising a plurality of optical filters, each optical
filter disposed between the test panels and said light
detection unit for passing therethrough only light
emitted from, or absorbed by, the wells having a

predetermined bandwidth about a predetermined
wavelength.



20. An apparatus according to C al‘mwl‘mnnwﬂm | i ght detection unit
includes a l|inear detector array. fus accordi oin 1
wherei n atWPE¥t3%ne of said |i ght *solrcks s %apable of Selggggg?éﬁamBW
generating light sufficient to produce an em ssion fluorescence of the test
i nocul um f 1 ui d. 22. An apparat us accordiqg_to Claim 21, where said |ight
source conprises a W col d-cat hode Ianp'o# a UV hot -cat hode | anp. 23. An
apparatus according to Caim1, wherein each received signal corresponds to
a nunerical val ue - 42 - i ndi cating

the intensity of the #%%aéeéleageerhme e erLERer! | ¥Re¥Bih- saidd AN

apparatus according t arm1, further  conprising a barcode reader
di sposed pr oXilghtd soureee irsivuggnal SirEt Adghth SPareddeaprabers of

respectivel y gfifdetetbip §&8et&Eingamehdchrodar AN ahHa aceeicdnd to
Claim1, wherein said control Eiocegsor det er,m neg _t ﬁgﬁESt results using

col ori metri c 19N RAYAEE r FRPRRLE PEdIEAGTA ,nQ;ﬁ% L-26. An apparat us

according to Claim1l, further conprising an incubation unit for heating

said test panels. An2g%pa€£'t88p Eé&&%ﬁﬁ:@c%d'dlga:fx& 2 Phdretid L9
conpri sing an enclosure  surrounding sard car ouse
first light source comprises a plurality of red LEDs, a
plurality of green LEDs and a plurality of blue LEDs,
and each of said plurality of LEDs being selectably

energized.

18. An apparatus according to Claim 16, wherein said
first light source comprises a plurality of LEDs
arranged in a predetermined manner.

19. An apparatus according to Claim 18, wherein said
plurality of LEDs are arranged in a column having a top
and a bottom end, and wherein the LEDs are spaced
closer together at the top and the bottom ends as
compared to the LEDs at a center portion of said
column.

20. An apparatus according to Claim 1, wherein said
light detection unit includes a linear detector array.

21. An apparatus according to Claim 1, wherein at
least one of said light sources is capable of
selectably generating light sufficient to produce an
emission fluorescence of the test inoculum fluid.

22. An apparatus according to Claim 21, where said
light source comprises a UV cold-cathode lamp or a UV
hot-cathode lamp.

23. An apparatus according to Claim 1, wherein each
received signal corresponds to a numerical value



assenbly for preventing detectio

“ ' { t by said |ight detection
unit. 28. An apparatus accordiFHﬂ @ ‘ erein said
assermbly WROHEIOEonpri ses a carriel cadapied st 0+r ecei ve and %gbﬁgﬁﬁﬁﬁpﬁest

panel s. 29. An apparatus according to Caim1, wherein the wells of a
test panel are arranged in rows and columms, and wherein said |light sources
direct light toward one of the colums of 4fells.. 30. An apparatus

according to Claim6, wherein the wells of a test panel are arranged in

rows and col ums,

and wherein said linear CCD array is positioned to detect

[ noar | GOD arr Sy CRrEas; RpeatRERRERYLEY IO B thRarShRdof Sl 1 S on

each scan. each respective well. - 43 - 31. An apparatus
according to Caim1l, wherein said carousel assenbly further conprises a
stepper notor unit for rotating said carousel assenbly, 32. An apparat us

accordi ng to 2% ai MBOAPRRERENE 35CPEHLdR Ed¥hbly FUFEREF conprises a
st epper not orcatibtisPhgl At BhirRedediré i ® Ustipdsee bryxinatdesg dostcerper
not or causes sai d carousel assgg%kxﬁtq}rot%ie ggﬂtinuouslé gurlig testing.
33. An appar atTRt RIBPUPN§OLo TERAF ML PRFRIW R T cEESBEREFYCAYe capabl e
of bei ng nmourdeflioedsaodther cesel passdrsbl y in nultiple tiers. 34. A

di agnostic m crobiological testing system

25.

An apparatus according to Claim 1, wherein said

control processor determines the test results using

colorimetric or fluorometric received signals, or both.

26.

An apparatus according to Claim 1, further

comprising an incubation unit for heating said test

panels.

27.

An apparatus according to Claim 1, further

comprising an enclosure surrounding said carousel

assenmbly for preventing detection of ambient light by

said light detection unit.

28.

An apparatus according to Claim 1, wherein said

carousel assembly further comprises a carrier adapted

to receive and carry the test panels.

29.

An apparatus according to Claim 1, wherein the

wells of a test panel are arranged in rows and columns,

and wherein said light sources direct light toward one

of the columns of wells.

30.

An apparatus according to Claim 6, wherein the

wells of a test panel are arranged in rows and columns,

and wherein said linear CCD array is positioned to
detect light from a column of wells over a
predetermined number of scans, said linear CCD array
detecting a portion of light of the column of wells on
each scan.



conpri si ng: a di agnostic n?cru“' | el | | Nng apparatus according
to Caim ij’%?y”m? station for i ncl Ilﬂtlmnmlﬂmﬂml panel s ng;h,gggg%dgr@st

i nocul um f a conput er worksteat ronmcoampr4 si ng: a
additionally processing the test result output fromthe diagnostic
m cr obi ol ogi cal testing apparatus to the gqnput er wor kst ation; and a

menory for selectively storing the test reSult fromthe diagnostic

m crobi ol ogi cal testing apparatus and the additionally processed test
result. 35. A incubation chanber for a diagnostic mcrobiological testing
apparatus, sahd chahgiLOMRIE Sh@8ording BoCanauseh asgeaBéynadapied to
nmount a plurality of tést panels each having.a plurality of wells for

recei ving a €8OUSFIc AR %Ydf?BFhEFOGGEP% %&%%iuﬁq?géer MOty encl osur e
surroundi ng salit CUOUsRlathsedhidf carpusedntissenblty Usi on of anbi ent

light into said - 44 - I ncubati on
chanber, said enclosure having a door for providing access to said carousel
assenbl y; 32.a om \eppamsatees f accoodingutesGladet &0 ngwikardinasedde
assenbly to t ggafl en f ‘ | S and a

| i ght detect :%%%%G}rﬁéﬁ tagsséa 1 0 cgﬁ?ﬁ%%ug o?%?ﬁ%%g%%%%%%lfagﬁggﬁ C

m crobi ol ogi @it &Y ePppbrdt §8id caronsedaEsfemY . f3RAh8aEAng sai d

i ncubation chaifer dstor cadsé8NBELA! Wb @R ldLEmbDy €6Nkbeklieng said
heating unit to maintain the eratyre of said incubation chanber within

| 1 enpe . |
a predet er mi FERHEHBISINrSIFIRGeteSE819 A chanber according to C ai m 35,
wherein said carousel assenbly further conprises a carrier adapted

33. An apparatus according to Claim 1, wherein the
test panels are capable of being mounted on said
carousel assembly in multiple tiers.

34. A diagnostic microbiological testing system,
comprising: .

a diégnostic microbiological testing apparatus
according to Claim 1;

a station for inoculating the test panels with the
test inoculum fluid;

a computer workstation comprising:

a CPU for additionally processing the test result
output from the diagnostic microbiological testing
apparatus to the computer workstation; and

a memory for selectively storing the test result
from the diagnostic microbioclogical testing apparatus
and the additionally processed test result.

35. A incubation chamber for a diagnostic
microbioclogical testing apparatus, said chamber
comprising:

a carousel assembly adapted to mount a plurality
of test panels each having a plurality of wells for
receiving a test inoculum fluid for producing a
reaction;

an enclosure surrounding said carousel assembly
for preventing intrusion of ambient light into said



to receive and carry the tes'tIII“II&“INIIIIHHI”HII(ghanber according to Cl aim 35,
@ sal d«

further conprising nmeans for permttun I agnostic m crobiol ogi ca
testing ap¥@8658¥1t o deternine a predeternined position of tRETOSPBIAY -
assenbl y. 38. A carrier for a diagnostic m crobiological testing

appar at us Ry ket His B&h RepREd assenbly, said carrier conprising: a frame

adapted to r ' ry a test panel 4faving a plurality of wells for
recei ving aJ’MIﬂI{ \!HMTI uid for producing a reaction, said frane
receiving t 0 as to position the teztfpanel in a - I
redet er m ned, nanner ; ans for, jountj ng sai rame_onto said carouse
gssenbly; ln%ﬁ%%%??Ethégﬁﬁgbtﬁi}#ﬁéﬂﬁi? r%l%%Y??gaFI§°85n%§Eiing sai d
carrier to sgprocihdingehcassenttoy saddl carousel Liassembbyed on said Lrﬁgg
and electrically cgn d ' e e ne ,eans. -sai
capabl e of being s%lggg%geﬁ g&%@i3§§£d§%§&%@#%&%?%g%%gagégﬁi§§38|oIoglcal
testing appared@neusel3gssa émﬂ&g'dﬂxﬁntﬁympwﬁﬂtignntbs,tgﬁeL@aneéfld LED
i ndi cates a cogpl ebkeingf by ShiiY Ragitbdt M ANOsbhEoThE1 PRIy
testing apparatus.€é 40P§A ggrrﬁér acé%?ﬁ?%g to Cfa#n?ggg ?urther cofnpri si ng
means for per®PRFABUEai d di agnostic microbiol ogical testing apparatus to

deternining the | eadhagtedgevafit fort adatpongl saegeivedobibeeai n. 41, A
di agnostic nigﬂgﬁégéggggal testing apparatus, conprising:

a temperature controller for controlling said
heating unit to maintain the temperature of said
incubation chamber within a predetermined temperature
range.

36. A chamber according to Claim 35, wherein said
carousel assembly further comprises a carrier adapted
to receive and carry the test panels.

37. A chamber according to Claim 35, further

comprising means for permitting said diagnostic
microbiological testing apparatus to determine a
predetermined position of the carousel assembly.

38. A carrier for a diagnostic microbiological testing
apparatus having a carousel assembly, said carrier
comprising:

a frame adapted to receive and carry a test panel
having a plurality of wells for receiving a test
inoculum fluid for producing a reaction, said frame
receiving the test panel so as to position the test
panel in a predetermined manner;

means for mounting said frame onto said carousel
assembly;

electrical connecting means for electrically
connecting said carrier to said carousel assembly; and

an LED mounted on said frame and electrically
connected to said electrical connecting means, said LED



a carousel assenblly adapted to rmur”"["lpl"l"ll“"l”ll”m test panels each having
1

a plurality Qb uells for receiving & tésttinocui um Tl uid for ppirRiteGHesdse 2
reaction; at |l east—one—+-ght source capable of directing light of a

predet erm ned wavel ength toward the wells of the test panels to cause the
wel | s to refihiscShecoHasBoaRebladel ght based on 4d§1e_ reaction of the test inoculum
e

fluid; a ) n unit disposed at a reflection angle to said
| i ght source, ] ecfion unit for detecting the light reflected
from or abso 0 Dy, the wells of the at | east one test panel, wherein

sai d carousel s8B! ¥£r Beahgs seQRdHIUAIS) Yastivaged byl BA1l@O pass each of
the test panels between the ht, source and § he Iéght detection unit in a

reflective negt h&r ML It P F P 2BF25B5HPhed by, the wells
of the test panels to be detected by said |light detection unit as the test

panel s nove t sai ' " coptroller .adapt.ed 1.0
recei ved a pﬁgéali?yg%%%g?ghgggﬁégﬁg?gﬁgﬂ %aggiggrighF%gggﬁggPéﬂ]ﬁmft,
each signal rispécatesl § compdetomdi raf testhingight sdétedtiegnostic

- 46 - fr 88581 %8 bh qu?gyyﬁ | £ determning a test result for
each wel | bagg% on %ﬁg b%g%ive sig ahggazéﬁu A met hod of operating a
di agnostic m crobiol ogical testing apparatus, conprising the steps of:

continuously 4@t at AngazrierousRiordiddacd estidid apparakehey0 pass a test
panel between a |ight source and a |light detectio nit of the testing
Spparatus.  t HEOPREESBaROMerRS! (d PSPt o719 5208 HEPPBORSLS ecei ving a

I nocul um f | uirdicoapibibgdcalr ¢zgamimprapparatusbtol dgteamirdsig sampl e f or
producing a t cLi ' o] r . directing
i gnt 1 rom ¢ HoroLAR"EagR BH cad 4R HNEE Dhebfy el BFein o panel
noves past the light source, detecting with the Iight detection unit the

light emttedgirom @hagheRthed Morditdn&fitde ¥ekt$ng apparatus,

comprising:

a carousel assembly adapted to mount a plurality
of test panels each having a plurality of wells for
receiving a test inoculum fluid for producing a
reaction;

at least one light source capable of directing
light of a predetermined wavelength toward the wells of
the test panels to cause the wells to reflect or absorb
light based on the reaction of the test inoculum fluid;

a light detection unit disposed at a reflection
angle to said light source, with at least one test
panel being positioned opposing said light source and
said light detection unit in a reflective manner, said
light detection unit for detecting the light reflected
from, or absorbed by, the wells of the at least one
panel, wherein said carousel assembly rotates
continucusly during testing to position each of the
test panels to permit light reflected from, or absorbed
by, the wells of the test panels to be detected by said
light detection unit as the test panels move past said
light source; and

a controller adapted to received a plurality of
signals generated by said light detection unit, each
signal respectively corresponding to the light detected
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of the test panel due t Hﬂﬁ ‘ ““ﬂﬁﬁﬂ“on; generating with the |ight
detection unit _a signalf“ H“Eﬁn the |ight detected 40f
the wel | sWAMS3301 “geterm ping a t st *resul t f@#—eac;h—oi_tmkged_’ﬂa%gl_sﬁ%baséd
on the generated signal. 43. A nethod of perform ng diagnostic

m cr obi ol ogi cal testing, conprising the st%fs of This Sheet HagBeeniRéplacddg a
plurality of test panels including a pldratity of Iving a
i noculum fluid conprising a reagent and a m crobi anpl e for
producing a test reaction; _mounting the test panel’s “Carousel of a
dlagnost] o MELSR Ch0R! 6211 ! °ShURO PRI, ALY docerRPRIAL! A0:LE
testing apparatus to cause (1) fhe carousel to rotafe contintously to pass
the test panefeswetweer earhgWeldobesedhmn L£he grecebyedt F48R8APt of the
testing apparatus, (2) a light fromthe light source to be directed toward
h I h I h i gh h
Hene oSt PG (Dndinsd 0 Sheiting T \Eiatiotel {rpt by PopEIEM
absorbed by, westing appavetis,odnprrieivig penel stepestofthe test reaction
to be detected by the Light detectiqn unit, (4 i gpal, corr ding to
the |ight detect ! totenndthalyt Shratiay sat%a{%%u%ee;f\e(rggt {éﬁgb%ﬁ?% ght
det ecti on uniappanat@s) ta pesttiesula testhepakrelripeéhedefion daghtof the
wel | s based o g r gt k-0 i it readabhg medi um on
whi ch are std%%%Pﬁﬁsgggc?igggﬁhJ§%§$%ﬁ£§?egégﬁP?oneaflF %pergte a
di agnosti c niapRBFaregi chhet E66tnPaniarteluding 2 nBlyHeLLsHs Ofonpri si ng:
i nstructions {&11808brn¥aLeLYing! & IiHbd.l@h OFF€i dObokpeikenli BY apparatus

to pass a test panel between a |'ight. source and a |i [ detectiqn ynit of
theptesting reagent and a microﬁiologfhal test samBTe or pro%uéing

a test reaction and being mounted on the carousel;

direcﬁing light from the light source toward the
at least one test panel;

detecting with the light detection unit the light
emitted from, or absorbed by, each of the wells of the
at least one test panel due to the test reaction; '

generating with the light detection unit a signal
corresponding to the light detected f£rom each of the
wells; and

determining a test result for each of the wells
based on the generated signal.

43. A method of performing diagnostic microbiological
testing, comprising the steps of:

inoculating a plurality of test panels including a
plurality of wells for receiving a inoculum f£luid
comprising a reagent and a microbiological test sample
for producing a test reaction;

mounting the test panels on a carousel of a
diagnostic microbiological testing apparatus; and

operating the testing apparatus to cause (1) the
carousel to rotate continuously to position at least
one test panel between a light source and a light
detection unit of the testing apparatus, (2) a light
from the light source to be directed toward the at
least one test panel, (3) the light emitted from, or



apparatus, the test panel including a plurality of wells for receiving a

oroduci ng MORERH Lt of :naezzﬁlljlltnm ﬂlﬂﬂlﬂlﬂ)ﬂllg' car ousel ;TETARSRiR Of

instructions for activating light *frbmthée Ii’ght source_to +LLun1naLe“Lhe

test panel and as the test panel noves pas.7tpe l'i ght
with the |ight detection unit the light emtted from o each
of the wells of the test panel due to the test reaction |ons

for generating with the |light detection unit a signal correspondlng to the

|ight detecteg,dsame OéaEﬁeo‘fE|t|h% wiids of thetaucibeBe bRk test
determning a test resu for each of the wells based on the generated

signal .  45.panebhriye ForEQGaEP@tné’tﬂa\ﬁﬁlcﬂPvﬁﬁ Pe HfeteebredbYn&buct i ons,

whi ch upon exegdlit ddetebtiopenatie ,a @)agnasidmalr €6pbespogasal testihag
appar at us, uction

the, 1.ns ri_si : :
- 48 - h}rjrf%l?‘l" ?F%ﬁgeao gghﬁa&q?gl% TR YothRi bR BBeg8R6F 2 s ousel
of the testinsy apgparhightt denewimntu'nﬂm;ush;d a(%kss peat| resdlé rar mal i zer
panel _past_a L1 QL. SONIGEa2BE:A Ll dhlodRURE YoM Mhlsgh bl ches! i ng
apparatus at "a predeterm ne ang ar velocity, e tes pane |nclud|ng a
plurality of geiéxated gégapti-ng a |noculun1fIU|d conprising a reagent and
a mcrobiological test sanple for producing a test. reaction and being
nmount ed on the carousel, the nornallzer nel including a plurality of
normal i zat | orf4wel | &; COMPUteXs EERAEIR %?“H%t%t‘f’hbcm #Ret §«§°|Iie§}nt

det ection unliné@ﬁui:tgbhseﬁwhhﬁﬂl fupuh exedbsbomediby, opaghtef at he
normal i zation,wells of the no mal.i zer nstrﬁctlon f or
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the test panelnsiueutbiohe tesprisdatg:on and detected by the
instructions for continuously rotating a carousel

of the testing apparatus to position at least one test
panel between a light source and a light detection unit
of the testing apparatus, the test panel including a
plurality of wells for receiving a inoculum £fluid
comprising a reagent and a microbiological test sample
for producing a test reaction and being mounted on the
carousel;

instructions for activating light from the light
source to illuminate the at least one test panel;

instructions for detecting with the light
detection unit the light emitted from, or absorbed by,
each of the wells of the at least one test panel due to
the test reaction;

instructions for generating with the light
detection unit a signal corresponding to the light
detected from each of the wells; and

instructions for determining a test result for
each of the wells based on the generated signal.

45. A computer readable medium on which are stored
instructions, which upon execution will operate a
diagnostic microbiological testing apparatus, the
instructions comprising:



| ight detection unit as thxlmm ||ﬂ)mm|||mm3 past the light source;
instructions for eneratln etection unit a S

corr espon¥R§3BHH he nor nal i*zed f¥y om each of the wel 1§H§98“°504 :

i nstructions for determ ning a test result for each of the mells based on
the generated signal. 46. A conputer readable nedium according to Caim
45, the instructions further conprising:” 48 -jnstructions for nonitoring a
light intensity of light fromthe light source directed toward the at | east
one test panel; and instructions for taking corrective action if the

conprising . aiRFERpOEs R, 308 SARNER a0 R ne AdeatRoRPRBLE Br,
si gnal havi ngal¢gh@ueebneﬁt thef temtiialy appamaftyls yto andve
- 49- %&R@iﬁﬁ@éﬁ%yagep&%@ts@ trale Sgﬁa{rgei“ 8PUiEgstO0 %o?gce an

out put |ight signa l'e iLn accordance with an illum nation profti
48. An appaﬁ%@ﬁ@a%bEGFdPﬁﬁe@oP@ﬂ%|ﬂ‘4F93QMQQR§C%Oﬁ%¢|%|ﬁgght a |light

detection lum%et@@@lm? unde gmt |th33 f&é‘éhtE%ﬁ fd{i’gf&l%.&isd?teﬁtl ng tA he t
conposite light signa rd sai | et ect.i on_unij n appar at us
accor di ng to%Ef%$%$ﬁ§mlﬂﬁ§@ F¥Fﬁ#ﬁ? éiﬁﬁ%ﬁﬁﬂcﬁF?ﬂEﬁ?Fepéﬁ?iects opti cal

i nefficiency imchadiingphi pluspdtieip of Mel¥y baparatebvangoadingcudufd ai m
47, wherein S@i@id comprising a reagent and a microbiological test

sample for producing a test reaction and being mounted
on the carousel, the normalizer panel including a
plurality of normalization wells;

instructions for detecting with the light
detection unit the light emitted from, or absorbed by,
each of the normalization wells of the at least one
normalizer panel;

instructions for normalizing the light emitted
from, or absorbed by, each of the wells of the at least
one test panel due to the test reaction and detected
with the light detection unit;

instructions for generating with the light
detection unit a signal corresponding to the normalized
light from each of the wells; .and

instructions for determining a test result for
each of the wells based on the generated'signal.

46. A computer readable medium according to Claim 45,
the instructions further comprising:

instructions for monitoring a light intensity of
light from the light source directed toward the at
least one test panel; and

instructions for taking corrective action if the
light intensity is outside a predetermined range.

47. An apparatus, comprising:
a light source capable of producing a composite
light signal having light elements of variable

.

intensity; and This Sheot Has Been R e

[T



| i ght source conprises a pluralii fH I [ |arranged as a linear
array. par at us accorjggmj Ir| “m further conpetisoshodos
sensor eIS%?PﬁggﬁFy connected t c I"'ed”, wherein said sensor

nonitors the conposite light signal, and said controller controls said

| i ght source in response to a signal fromgaid sensor. 52. An apparat us
according to Caim47, further conprising tTeedback neans for providing
feedback to said controller, wherein said controller conpensates for
undesired changes in the conposite light signal by selecting one of a
plurality of illumngbhepoRliall keSpted .t ddito S0 £8 LRt Sblldce a
plurality of LEDs being_arrangedq in a |linear array, junction current of
each LED bmlﬂf%ﬁﬁt?ﬁlFéﬁP@lpgt&Fﬁﬂﬁﬁﬁ’ edeternmined illunination
profile. 54. A light source conprising:

- 50 - a pluralit f._LEDs, hej.n rr ed ip,a Li r_array having
two ends, eac4f18Endiﬂaﬁpﬁa\éggblfo&ﬁc&rafﬁ%s o?acg%ucfnp fa#VggﬁSF LEDs, each
sai d group ofcdrisibwingg geonetrically conpressed. 55. A light source
according to C ai m 54, eReal . {CO yse red, green and bl ue LEDs
arranged in a preg%tg%ﬁﬁgeggg%ﬁggﬁ¥%ﬁ%§%§ﬂ?%%%r array. 56. An optics
system i ncl udi ng a@ReSPtpafeSYRSEM Faratke £F t§ivechienrgstheach wel | for
receiving a teshpb8oes! yiyhkUisd grsal &St MBLOAPLi§hPddetectidnVi Si bl e

| i ght source capabl e of producing light of different wavel engths; a
di ffuser posi¥®bhed between said visible |ight

49. An apparatus according to Claim 48, wherein the
illumination profile corrects optical inefficiency in
said optics system.

50. An apparatus according to Claim 47, wherein said
light source comprises a plurality of LEDs being
arranged as a linear array.

51. An apparatus according to Claim 47, further
comprising a sensor electrically connected to said
controller, wherein said sensor monitors the composite
light signal, and said controller controls said light
source in response to a signal from said sensor.

52. An apparatus according to Claim 47, further
comprising feedback means for providing feedback to
said controller, wherein said controller compensates
for undesired changes in the composite light signal by
selecting one of a plurality of illumination profiles.

53. A light source comprising:

a plurality of LEDs being arranged in a linear
array, junction current of each LED being controllable
to produce a predetermined illumination profile.

54. A light source comprising:
This Sheet Has Been Replaced




source and the test panel; ““ sour ce; an excitation
filter pos bet ween s \ L‘\ﬁg“\ce and the test

wher ei npt h@&ﬁﬁgg land the LB‘“ES‘( cause the wells to emt o‘?ég@%sr’%‘s?“. ght
based on a test reaction of the test inoculumfluid; an em ssion
filter positioned between the test panel gﬂ]an objective lens to filter
out the W light fromthe light enitted fr or. absorbed by, the wells;
and sai d objective lens positioned between said enmission filter and a
detector, said objective |lens focusing the filtered, emtted or absorbed

light onto said dege¢h@frality of LEDs being arranged in a linear
array having two ends, each end having a group of LEDs
of said plurality of LEDs, each said group of LEDs
being geometrically compressed.

55. A light source according to Claim 54, wherein the
LEDs comprise red, green and blue LEDs arranged in a
predetermined order in the linear array.

56. An optics system including a test panel having a
plurality of wells, each well for receiving a test
inoculum fluid, said system comprising:

a visible light source capable of producing light
of different wavelengths;

a diffuser positioned between said visible light
source and the test panel;

an UV light source;

an excitation filter positioned between said UV
light source and the test panel,

wherein the light and the UV light cause the wells
to emit or absorb light based on a test reaction of the
test inoculum fluid;

an emission filter positioned between the test
panel and an objective lens to filter out the UV light
from the light emitted from, or absorbed by, the wells;
and

said objective lens positioned between said
emission filter and a detector, said objective lens

focusing the filtered, emitted or absorbed light onto
said detector.



