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ABSTRACT

A method and apparatus for using an infrared re'a_?ding to
detect the misidentification of a diagnostic test strip dis- |
"posed on a feed table comprising the steps of determining if
the test strip possesses specified reagents, reading the in-
frared reflectances from the reagent positions, determining if
' the reflectances are within an acceptable predetermined range

and aborting the test 1i1f the infrared reflectances are not
within the acceptable predetermined range. |
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METHOD AND APPARATUS FOR USING INFRARED READINGS TO
DETECT MISIDENTIFICATION OF A DIAGNOSTIC TEST STRIP
IN A REFLECTANCE SPECTROMETER

FIELD OF THE INVENTION

The present 1invention relates to a method and apparatus

for using infrared reflectance to detect the misplacement of

diagnostic test strips within reflectance spectrometers.

BACKGROUND OF THE INVENTION

- The use of diagnostilic test strips to analyze the compo-
nents in a sample of human body fluid 1i1s well known. Typi-
cally, diagnostic test strips are made of an absorbent mate-
rial in which a reagent system is absorbed. The diagnostic

test strips respond to the presence of a pre-selected analyte

in the test fluid with a visually detectable signal such as a
change in color. The change in color that appears in one or

more test fields on the diagnostic test strip can be the re-

sult of an enzymatic reaction 1n which a redox dye is oxidized

or reduced to produce the colored response.

Alternatively, the diagnostic test strip 1s made of a ma-

terial through which the analyte and labeled antlbodies spe-
cific to the analyte can flow to form analyte labeled antibody
conjugates that are captured in a specific detection zone of

the strip to provide a detectable response when analyte 1is

present in the fluid sample. These devices can employ either a
gsandwich-type format in which the response 1is directly propor-
tional to the concentration of the analyte in the test £fluid
or a competitive format where the intensity of the response is
inversely proportional to the analyte concentration.

While the detectable response obtained using such diag-
nostic test gtrips can be observed visually to obtain a quali-

tative or semi-quantitative measure of the analyte in the test

sample, greater quantitation and faster, more reliable han-

dling of multiple test stripé can be achieved by reading the
developed test strips instrumentally, typically by using a re-

flectance spectrometer that determines the intensity of re-
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flection from the test field surface. The use of reflectance

spectrometers to analyze the components in a sample of human
body fluid is well known.
Conventional reflectance spectrometers have been used to

detect the presence of an analyte in a urine sample disposed

on a diagnostic test strip. Any analyte present in the urine
reacts with the reagent on the diagnostic test strip, causing
the diagnostic test strip to change color to an extent that
depends on the concentration of the analyte in the urine sam-
ple. For example, 1in the presence of a relatively large COn-
centration of Dblood, the test field on the diagnostic' test
strip that tests for the presence of blood in the urine sample
may change in color from vyellow to dark green. Conventional
reflectance spectrometers determine the 1ntensity of the re-
flected light 1in the developed diagnostic test strip by illu-
minating the strip with light at one angle (typically 90°),

detecting the reflected light at a different angle (typically

45°) and selecting the measured color or wavelength range at
elther the source or detector. The signal at the detector is
typically amplified, converted to digital form and analyzed by
computer. Conventionally, at the beginning of the test, the
operator of the device will input information via a keyboard
or other means to tell the instrument the analyte tha't the
partilicular strip 1s designed to test, so that the read out may
be correlated with an appropriate reference. Thus, if the
test were designed to determine the presence of b'lood in the
test sample, the readout on the display would be correlated

with a reference value corresgponding to the presence of blood.

Because of the need for operator input, the degree of automa-

tion of the operation 1is less than complete and various tech-

niques have been developed to further automate the process by

providing the strips with indicators from which the device can

determine the analyte to which a particular test s'trip 18 di-
rected without the need for operator intervention.

One problem with conventional reflectance spectrometers
is that a misplacement of the diagnostic reagent test strip

within the reflectance spectrometer adversely affects the ac-
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curacy of the results produced by the reflectance spectrome-
ter. Misplacement of the diagnostic reagent test strip, ei-
ther by tilting the strip or incompletely inserting the strip
into the table, may lead to misidentification of the diagnos-

tic test strip. Many methods have been designed in an attempt

to prevent the misidentification of a strip that is 1nadver-
tently placed into the feed table incorrectly. Each of these
methods does not adequately prevent misidentification of test

strips. First, the percentage reflectance 1limits for each
color band could not be tightened or narrowed because of wven-
dor process variation and known between-instrument variation.
Second, it was consgidered that eliminating several color bands
that had reflectance limits near or next to other colored
bands would sufficiently eliminate misidentification of test
strips. This method marginally reduces -mlsidentification;
however, some new multiples are still analyzed as other new
multiples by strip misplacement and 1t was shown that all new
multiples can be caused to be incorrectly inspected as the de-
fault by specific improper placement. Third, it was pondered
that the use of IR readings of the color bands would reduce or
eliminate the misidentification problem, however, all color
bands can appear "white" by the improper placement of the test

strips and thus read as the default band. Further, the color
bands have a large variety of IR reflectances that are virtu-
ally uncontrolled. Finally, it was considered that the use of
the red, blue and green pad reflectances would eliminate the

misidentification problem; however, all reagents change at the

visible wavelengths due to concentration differences and thus
would be unusable. |

For the foregoing reasons, there exists a need for a
method and apparatus to aid in detecting the misplacement of

diagnostic test strips within reflectance spectrometers.

SUMMARY OF THE INVENTION

The above need 1s met by embodiments of the invention in

one or more of the following aspects. In one aspect, the in-
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vention relates to an automated method for using infrared re-
flectance readings to detect the misplacement of diagnostic
test strips within reflectance spectrometers by determining if
the test strip possesses certain specified reagents, locating

the position of these reagents on the test strip, reading the

infrared percent reflectances on the test strip and determin-
ing if the reflectances are within an acceptable preset range.
This method is aborted if the reflectances are not within the
acceptable predetermined range of infrared reflectances. This
embodiment, for example, examines, among other things, the in-
frared reflectances of the test strip for leukocyte, glucose

and albumin reagents. The test will be aborted 1f the result-

ing reflectances are outside the predetermined range, indicat-
ing that the test strip has been misplaced more than about

0.020" from a central location on the feed table or has been

incompletely 1nserted by more than about 0.050".

An improved spectrometer has been discovered that com-
prises a source of illumination for generating light rays, a
support member adapted to support a reagent pad, the support
member having a position in which the reagent' pad 1s i1llumi-
nated by the light rays generated by the illumination source,
a refleCtance detector positioned to receive light rays from
the reagent pad, the reflectance detector occupying a detec-
tion area. The spectrometer further comprises a housing hav-
ing an aperture formed therein, the aperture being disposed
between the illumination source and the reageﬁt pad and being
adapted to cause the light rays generated by the illumination
source to illuminate an area of the reagent pad, means for de-
fining a first optical path from the illumination source to
the reagent pad in which substantially all singly-reflected
light rays generated by the 1llumination source are prevented
from reaching the reagent pad. The means for defining the
first optical path having a non-planar wall comprises a first
wall portion with a specular reflective surface disposed to
reflect substantially all of the light-rays generated by the
illumination source which reach the first wall portion to an

area which does not include the aperture, a second wall por-
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tion with a specular reflective surface disposed to reflect
substantially all of the light rays generated by the illumina-
tion sourxrce which reach the second wall portion to an area
which does not include the aperture, means for defining a sec-
ond optical path from the reagent pad to the reflectance de-
tector in which substantially all singly-reflected light rays
from the reagent pad are prevented from reaching the reflec-
tance detector, the means for defining the second,eptical path

having a non-planar wall comprising a third wall portion with

a specular reflective surface disposed to reflect substan-
tially all of the light rays which reach the third wall por-
tion from the reagent pad to an area which does not 1include
the detection area and a fourth wall portion with a specular
reflective surface disposed to reflect substantially all of
the light rays that reach the fourth wall portion from the

reagent pad to an area which does not 1include the detection
area. The spectrometer 1s further able to measure the infra-
red analyses referred to above, determine if the test strips
have been improperly inserted, and report an error and 'abort
the test 1f it 1s detexrmined that the test strip has been im-

properly 1lnserted.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become
apparent upon reading the following description o:f 1llustra-
tive embodiments and upon reference to these drawings:

FIG. 1 1is a perspective view of a reflectance spectrome -
ter that may be used to perform various tests of a body fluid

sample disposed on a diagnostic test strip;

FIG. 2 1s a perspective view of a diagnostic test strip
and a feed table used with the Spectrometer of FIG. 1; '

FIG. 3 1s a cross-sectional view of a read head suitable
for use in the spectrometer of FIG. 1;

FIG. 3a 1s an enlarged view of a portion of the read head
shown in FIG. 3;
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FIG. 4 is a schematic of a detector element/detector ar-

ray useful in the spectrometer of FIG. 1;

FIG. 5 1s a block diagram of the electronics of the spec-
trometer of FIG. 1;

FIG. 6 is a flowchart of a computer program routine that
may be used to correlate the gspectral reflectance wvalues of
the reagent pads with preprogrammed information cohcerning the
diagnostic test strip. The series of reagent pads define spe-
cific unique color sequences for the information concerning
the diagnostic test strip; and

FIG. 7 is a flowchart relating to the detection of a mis-
placement of the diagnostic test strip by determining the
prese\nce and position of several reagents and comparing the
infrared reflectances of such reagents to predetermined
ranges.

While the invention 1s susceptible to wvarious modifica-
tions and alternative forms, specific embodiments thereof have
been shown by way of example in the drawings and will herein

be described in detail. It should be understood, however,

that the drawings are not intended to limit the invention to
the particular forms disclosed, but on the contrary, the in-

vention is to cover all modifications, equivalents and alter-

natives that fall within the spirit and scope of the invention

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

To overcome the problems listed above that occur when a
diagnostic test strip i1s misplaced, a method to aid in detect-
ing the misplacement of diagnostic test strips within reflec-
tance spectrometers has been discovered. Specifical-ly;, the
spectrometer 1s programmed to determine the presencé of sev-
eral reagents, including leukocyte, glucose and albumin. Af-
ter this determination, the spectrometer must determine if
these reagents are located in the proper locations on the test
strip. Assuming affirmative responses are obtained to the
previous two inguiries, the spectrometer compares Ithe percent

reflectances obtained in the infrared field with a predeter-
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mined range of reflectances. If the spectrometer determines

that the reflectances for each reagent fall with the corre-
sponding predetermined range, the strip can be read and re-

sults can be processed. " If the reflectances for any reagent,

- however, fall outside of the corresponding predetermined

range, it has been discovered that this 1indicates that the
strip has been improperly placed in the spectromenter. An im-
properly placed strip will cause an error to be reported and
the test to be terminated. |

An example of a reflectance spectrometer that 1is able to
detect a misplaced strip is the CLINITEK 50 and the CLINITEK
500. An example of the diagnostic test strip used 1n accor-

dance with this instrument is the MULTISTIX reagent strip com-

mercially available from Bayer Corpora':ien. The CLINITEK in-
strument and the MULTISTIX strip are described in U.S. Pat.
No. 5,945,341 and shown in FIGS. 1-4, as described in detail
below.

FIG. 1 illustrates a reflectance spectrometer 10 for per-

forming various tests, such as urinalysis tests, on a diagnos-

tic test strip such as a reagent chemistry strip or an immuno-
chemistry strip. The spectrometer 10 has an 1lntegral keyboard
12 with a number of entry keys 14 that may be depressed by the
user. A visual display 16 for displaying various messages re-
lating to the operation of the spectrometer 10 'is disposed
above the keyboard 12. Referring to FIGS. 1 and 2, the sped—

trometer 10 has a front face 17 with an opening 18 formed
therein in which a feed table 20 for carrying a diagnostic
test 'strip 22 18 retractably disposed. The feed table 20 has
a central channel 24 and two side channels 26 formed therein.
The central channel 24 1s sized to conform to the shape of the
diagnostic test strip 22.

The diagnostic test strip 22, as shown in FIG. 2, has a

thin, non-reactive gubstrate 28 ‘on which are laid a number of

reagent pads 30, as shown i1n FIG. 3. The reagent pads 30 are
composed of relatively absorbent layers of material that are

impregnated with a respective reagent in specific locations
referred to herein as test fields. Each test field is associ-
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ated with a particular test to be performed. When each test
field comes into contact with a urine sample, the reagent pad
30 changes color over a period of time depending on the rea-
gent used and the characteristics of the urine sample. The
color change, which is readable by the spectrometer 10, takes

place as an indication of the presence and/or concentration of

analyte in the fluid test sample.
To carry out an analysis of a liquid test sample, such as

a urinalysis, the end of the diagnostic test strip 22 1is

dipped into a urine sample up to the test field 500. The test
strip 22 is immersed in the liquid test sample so that all of

the test fields are immersed in the liquid test sample, such

as urine. The liguid migrates up the diagnostic test strip 22
due to the absorbent nature of the reagent pads 30 to cause a
color change in stripe 502. Stripe 502 is a control stripe

that changes color if sufficient sample volume 1s detected.

The diagnostic test strip 22 may be, for example, a MULTISTIX
reagent strip commercially avallable from Bayer Corporation.
After the diagnostic test strip 22 is dipped in Lirine,
the side of the diagnostic test strip 22 1s blotted to remove
excess urine. The diagnostic test strip 22 1s then pladed in

the central channel 24 of the spectrometer feed table 20. The

operator presses one of the entry keys 14 to initiate the
testing. Pressing one of the entry keys 14 causes the tray 20
to be retracted into the spectrometer 10. It 1is contemplated
in accordance with the present invention that the spectrometer
may have an automated retracting tray that would retract into
the spectrometer automatically after a strip is placed on the
tray. The strip 22 may bear a visually readable strip identi-
fication 505 as 1ts label. After the diagnostic test strip 22

1s retracted into the spectrometer 10, the apparatus may need

to measure some portions of the strip if extremely time-

sensitive readings are needed for any test strip that is
placed in the device. Then, the 1nstrument positions a test

strip 22 relative to a read head 34, shown in FIG. 3, at the

location of the spectral identification (ID) marker field 504

and determines the spectral signature by analysis of the spec-
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tral reflectance values. In one embodiment of the=preseht in-
vention, the spectral ID marker field 504 is white and the
spectrometer 10 1is prepr'ogré.mmed to read this as representing
a conventional dry phase chemistry reagent strip. Another

color could be used to inform the spectrometer 10 that a dif-

ferent reagent system, e.g., 1mmunochromatographic, was being

used on that test strip. This serves the purpose of automati-
cally analyzing the strip in the proper way and generating a
proper report. The lnstrument can be programmed to read the

other marker fields, e.g., 504a, 504b, 504c, to correlate the

sequence of reflected wavelengths with preprogrammed informa-
tion regarding the test strip 22. '

After the color coding sequénce has been identified, the

instrument 10 will move the test strip to the test fields,

e.g., 500, 501. As explailined 1n detail below, tests are per-

formed on each of the test fields by illuminating a portion of
the test field with white light from a light source and then
determining the amount of reflectance from the test field
based on the detection of light received from the illuminated

portion of the test field at an angle (e.g., 45°) from the up-

per surface of the test strips. After each test 1s performed,

the spectrometer feed table 20 is repositioned relative to an

illumination source 46 so that the next test field to be
tested 1is illuminated. When the testing 1is completed, the
spectrometer 10 generates a record of the resultst, which are
displayed on the wvisual display 16, printed on a s'trip of pa-
per 32 (as shown in FIG. 1), and/or sent to a computer.

The steps of illuminating a portion of the diagnostic

test strip and detecting the wavelength of the reflected light
are accomplished by an optical system in the form of- a read
head 34. A read head 34 is used to illuminate portions of the
test fields and for detecting light from the test fields and a
portion of the spectrometer feed table 20 on which the diag-
nostic test strip 22 1is disposed. U.S. Pat. Nos. 5,945,341

and 5,661,563 describe a read head suitable for use in the
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present invention and are hereby incorporated by reference in

their entirety.

-

FIG. 3 is a cross-sectional view of an optical system in

the form of a read head 34 for illuminating portions of the
reagent pads 30 and for detecting light from the reagent pads

30 and a portion of the spectrometer feed table 20 on which
the diagnostic test strip 22 is disposed. Referring to FIG.
3, the read head 34 has a housing with a top wall 36, a bottom
wall 38, a side wall 40, an angled wall 42, a planar back wall
44, and a planar front wall (not shown) parallel to the back
wall 44. An illumination source, such as a 1light bulb 46, is
supported directly above the reagent pad 30 to be tested via a
cylindrical housing portion 48 integrally formed with the top
wall 36. When manufactured, the bulb 46 is dynamically fitted
to a ceramic base 49 to ensure that the axial direction in
which the bulb 46 emits light 1s substantially parallel to the
longitudinal axis of the ceramic base 49. The bulb 46 emits
light through a circular aperture 50 formed in the top wall 36
to form a cone of light defined by a first edge ray 52 and a
second edge ray 54.

The angled side wall 42 has a rectangular aperture 55

formed therein 1n which a rectangular detector array 56 is
disposed. The detector array 56 has four reflectance detec-
tors 57, 58, 59, 60 disposed therein (see FIG. 4) , each of
which is composed of a conventional colored or infrared filter
and a convéntional silicon detector. Each filter allows light

having a distinct wavelength to pass through so that each of

the four detectors 57-60 1is responsive to light of a different

wavelength range. The four wavelength bands of the filters
are 400-510 nanometers ("nm") (blue), 511-586 nm (green), 587 -
660 nm (red), and 825-855 nm (infrared or "IR"). Depending or

the type of test being performed, one or more of the detectors
57-60 may be used.

The read head 34 operates by allowing light to pass
through a first optical path from the 1light bulb 46 and
through a relatively small rectangular aperture 62 formed in

the bottom wall 38 to illuminate a relatively small rectangu-
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lar area of the reagent pad 30'being tested. The reagent pad
30 may be moved relative to the aperture 62 so that different

rectangular areas of the reagent pad 30 are illuminated.
Light passes through a second optical path from the illumi-

nated area on the reagent pad 30 through a flrst rectaﬁgular

detection aperture 68 having angled edges 69 formed in the
bottom wall 38, through a second rectangular detection aper-
ture 70 having angled edges 71, and through a rectangular ap-

erture 72 formed in the angled wall 42 to a detection area 73,

as shown i1n FIG. 4, 1n which the four detectors 57-60 are dis-

posed.

The interior of the read head 34 is provided with an ir-
regularly shaped baffle 74 composed of a first planar wall
segment 76, a second planar wall segment 78, and a zigzag
shaped wall segment 80. The shape of the baffle 74 is de-
signed to prevent singly-reflected light rays from reaching
the reagent pad 30 from the light bulb 46 and to prevent' sin-
gly-reflected light rays from reaching the detector area 73
from the reagent pad 30.

The misplacement of a diagnostic test strip 22 on the

feed table 20 within the spectrometer 10 such as a strip that
is tilted when inserted (instead of 1lying flat against the

surface of the tray) or a strip that is incompletely inserted
into the feed table 20, can be detected by setting maximum
(upper) and minimum ({(lower) reference limits on the infrared

readings obtained from reagents being tested in one or more

test fields on the diagnostic test strip 22. The reagents
that can be used for this purpose have reflectance values that
do not change 1in the infrared i‘egion with variations in the
reagent concentration. When the 1nfrared readings obtained
from these reagents do not fall between the upper and lower
reference limits set on the infrared readings, the spectrome-

ter 10 detects an error and results are not output by the

spectrometer 10. Examples of suitable reagents that can be
used to detect a misplaced diagnostic test strip include, but

are not limited to, glucose, albumin and leukocyte.
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Many persons skilled in the art would not realize that

the IR reading for several of the reagents used herein (e.gqg.,

leukocyte, albumin, glucose) does not change due to concentra-
tion. Furthermore, it is not apparent that the IR reading of
reagent areas such as glucose, albumin and leukocyte would be
sensitive to minimal amounts of test strip misplacement due to
tilting or incomplete insertion. '

Referriﬁg to FIG. 3, 1nfrared reflectance readings can be
used to detect the misplacement of a diagnostic test strip 22
on the feed table 20 within the spectrometer 10. As .light
from the bulb 46 is emitted and passes through aperture 62 to
illuminate the reagent pad 30 being tested, light is reflected
up to reflectance detector 57 to produce an infrared reflec-
tance reading based upon' the reagent being tested. When the
diagnostic test strip 22 has been positioned correctly on the
spectrometer feed table 20, light 1i1s reflected up to the re-
flectance detector 57 and the resulting infrared réadingfalls
within the predetermined upper and lower reference limits.
When the diagnostic test strip 22 is tilted to the right of
center on the spectrometer feed table 20, an insufficient
amount of infrared light 1s reflected up to the reflectance
detector 57. Consequently, the resulting infrared reading 1is

lower than the predetermined limit, the spectrometer 10 de-

tects an error and the test is aborted. When the diagnostic
test strip is tilted to the left of center on the épectrometer

feed table 20, too much infrared light is reflected up to the

reflectance detector 57. Consequently, the resulting infrared
reading 1s higher than the predetermined limit, the spectrome-
ter 10 detects an error and the test is aborted. ‘
Specifically, the spectrometer will detect an error and
abort the test 1f the IR readings of one or more reagents do
not fall within a predetermined range of limits for each rea-
gent. In one embodiment, an infrared ref\lectance. reading 1s
taken, for control purposes, of the reagent pad ats‘ the tip of
the diagnostic test strip and of the reagent pads in the loca-

tions where the glucose, albumin and leukocyte reagents are
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located. The spectrometer 10 then compares the infrared re-
flectance readings that have been obtained with the predeter-
mined limits to determine 1f a misplacement of the dié.gnostic
test strip 22 has occurred. If one or more of the infrared

limits have been violated, the spectrometer 10 displays an er-

ror and the test is aborted.

A tolerance of 0.015" has been created into each side of
the feed table 20 such that the width of the central channel
24 of the feed table 20 amounts to the width of the test strip
22 plus an additional 0.015" on each side of the strip. Thus,

if the strip is placed more than 0.015" to the léf-t or right
of the location in which a centrally-placed strip would gener-
ally be placed, a portion of the strip will rest on one of the
side walls of the feed table 20. It has been determined that

a strip that is placed more than 0.005" of the tolerance ei-
ther to the right or the left of a central test strip location
that allows 0.015" on either side of the test strip (i.e., the

strip is misplaced more than 0.020" from a central location),

the resulting IR percent reflectance reading will be outside

the predetermined limits. If the spectrometer tests a strip
with an IR reading that is outside of these acceptable limits,
the spectrometer will abort the test. It 1is cont:emplat:ed in

accordance with the present invention that the use of differ-
ent spectrometers and different feed tables will result in
different acceptable predetermined limits.

In one embodiment, the predetermined or preset limit on
the infrared reflectance readings 1s the distance that the
test strip can be misplaced away from the central location on
the feed table. The distance that the test strip can be mis-
placed away from the central location on the feed table for
one embodiment of the present invention is 0.020". If a test

strip 1s placed outside of this location (i.e., the strip is

placed more than 0.020" from a central location on the feed
table), the test strip has the possibility of being be improp-
erly identified. Where the diagnostic test strip 22 is mis-
placed (or tilted) to the right, the infrared reflectance
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reading falls below the minimum predetermined limit. Where
the diagnostic test strip 22 1s tilted to the left, the infra-
red reflectance reading is greater than the maximum predeter-
mined limit. In either situation, the resulting infrared
reading falls outside of the predetermined limits, the spec-
trometer 10 detects an error and the test is aborted.

The spectrometer will also detect an error and abort the

test 1f the test strip is incompletely inserted into the feed
table 20. In one embodiment of the present invention, it has
been determined that 1f a test strip is incompletely inserted
by more than 0.050", the strip will likely be misidéntified
and 1ncorrect outcomes will result. Specifically, when a test
strip is incompletely inserted into the feed table 20, the de-
tector within the read head 34 '"sees" either a portion of the

.
p—

test strip between the pads or the detector sees a portion of

the feed table. If the test strip 1s incorrectly inserted

such that the read head sees the white backing of the test

strip, the percent reflectance will be higher than the maximum

predetermined limit for the predetermined reagents, as de-
scribed in detail above. In this situation, the spectrometer

wlill detect an error and the test will be aborted.

If the test strip is incorrectly inserted such that the
read head sees or reads a portion of the black feed table 20,
the percent reflectance will be lower than the minimum prede-
termined limit for the predetermined reagents, as described in
detail above. 1In this situation, the spectrometer will detect
an error and the test will be aborted.

Referring to FIG. 3, all surfaces of the baffle 74 and
all interior surfaces of the housing walls 36, 38,j40, 42, 44

are shiny, specular surfaces so that any light incident upon

any surface at an angle of incidence is reflected from that
surface at an angle of reflection equal to the angle of inci-
dence. This may be accomplished by injectiOn—molding.the read
head 34 from a metal mold having highly polished molding sur-
faces. The read head 34 is preferably formed of black plastic
so that only a small percentage of light, e.gq. 5%, incident
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upon any of ite internal surfaces is reflected. Consequently,
any light that undergoes at least two reflections from any in-
terior surfaces of the read head 34 1s attenuated by at least
99.75%. |

Referring to FIG. 3, the wall segment 76 has a specular

surface 82 that is angled in a direction indicated by a dotted
line 84 that intersects the bottom wall 38 at a point just to
the left of the aperture 62. Consequently, any light rays

emitted by the bulb 46 that impinge upon the surface 82 are
reflected to an area Lo the left of the aperture 62. It

should be noted that any such rays are reflected two or more
times before they can pass through the aperture 62. It should
also be noted that no light can be reflected from the surface

82 and pass directly through the aperture 62 without further

reflection since the surface 82 i1s not wvisible when the inte-
rior of the read head 34 is viewed from the aperture 62.

The wall segment 78 has a specular surface 86 angled in a
direction 1ndicated by a dotted line 88 that intersectis the
top wall 36 at a poilint to the left of the circular opening 50
through which light passes. Consequently, there is no direct
path from the light bulb 46 to the surface 86; therefore, any
light that 1is reflected from the surface 86 to the aperture 62
will have undergone at least two reflections from the interior
surfaces of the read head 34.

Referring to FIG. 3a, the zigzag wall segment 80 has an-
gled surfaces 91-93, each of which is angled in a direction
indicated by a respective dotted line. Since all of the dot-
ted lines 1intersect the bottom wall 38 or the side wall 40 to
the left of the aperture 62, no light that impinges upon these
surfaces 91-93 directly from the light bulb 46 can be re-

flected directly to the aperture 62. The zigzag wall segment
- 80 has two further surfaces 94, 95, as shown in FIG. 3, that
are angled sc

that any light that impinges on those surfaces
directly from the bulb 46 is reflected exclusively to the area

of the bottom wall 38 to the right side of the aperture 62.
The only surfaces from which light rays emitted by the
bulb 46 can be singly reflected and still pass through the ap-
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erture 62 are the vertical walls of the aperturé itself. How-
ever, such singly reflected light rays constitute an 1insig-
nificant amount of the total light which passes directly from
the light bulb 46 to the walls 40 or 44 to the aperture 62.

However, since the bulb concentrates light in a forward direc-

tion within the cone defined by rays 52 and 54, the amount of
light going through the aperture 62 from this path is insig-
nificant.

The second optical path from the reagent strip 22 to the

detector area 73, 1s generally indicated by a pair of dotted
lines 96 and 98, as shown in FIG. 3. The side of the zigzag
wall segment 80 which 1s disposed adjacent to the second opti-
cal path has a plurality of planar, specular surfaces 100, 101

and 102 which are angled 1n a direction indicated by a number

of corresponding dotted lines, as shown in FIGS. 3a, that in-
tersect the angled side wall 42 at a point to the lower right
of the detector area 73. Consequently, any light rays that
impinge upon' these surfaces 100-102 directly from the reagent
strip 22 without reflection cannot reach the detector area 73
without at least one more reflection, and any such light rays
will be attenuated by at least 99.75%. The wall surfaces 100
and 103 join at an edge 105 and the wall surfaces 101 and 104
joln at an edge 106 with the edges 105 and 106 being substan-
tially aligned with a respective edge of the detection area
73. The edges 69 and 71 of the detection apertures 68 and 70
are aligned with the edges of the detection area 73. In gen-

eral, the instrument detects light having a specific wave-
length range. When the range includes visible wavelengths in
the range of 400 to 700 nm, a color is assigned to the filter.
When the filter does not transmit any visible wavelengths,
such as in the case where infrared radiation is used, the con-

cept of color does not apply.

- FIG. 5 18 a block diagram of the electronics and other
components of the spectrometer 10. The details of the opera-

tion of the spectrophotometer are described in U.S. Pat. No.
5,945,341, which 1s hereby incorporated by reference in its
entirety. Referring to FIG. 5, the operation of the spec-

e
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trometer is controlled by a microcontroller 200 that has a mi-

croprocessOr 202, a random access memory (RAM) 204, a read

only memory (ROM) 206 and an input/output (I/0) circuit 208
all of which are interconnected with an address/data bus 210.

As schematically shown in FIG. 5, the operation of the spec-
trometer 10 1s controlled by a Computer program stored in the
ROM 206 and executed by the microprocessor 202. The microcon-
troller 200, which may be a conventional microcontroller such

as a DS2253T microcontroller commercially available from Dal-

las Semiconductor, can incorporate a driver circuit 212 con-
nected to the I/0 circuit 208 for driving a printer'214. _

The microcontroller 200 controls the movement‘of the rea-
gent strip feed table 20 via a conventional positioner 220 me-
chanically coupled to the feed table 20 and a motor 222 that
1s typically a stepping motor driven by drive signals gener-
ated by a driving circuit 224 connected to the I/0 circuit 208
via an electrical line 226. ,

The microcontroller 200 Selectively turns on the 1light
bulb 46 via a switch 227 connected to the I/0 circuit 208 wvia
an electrical line 229. The light bulb 46 is turned on one
second before the performance cf the test so that it will be
sufficlently warmed up. '

Each of the detectors 57-60 of the detector array 56 gen-
erates an electrical reflectance signal on one of a number of
electrical lines 228. Each reflectance signal has a magnitude
that depends on the amount of light detected by the associated
detector. The microcontroller 200 can selectively read any
one of the reflectance signals by transmitting a select signal
to a multiplexer 230 via a line 232. The multiplexer 230 then
transmits the selected reflectance signal to an amplifier 234
and an analog-to-digital (A/D) converter 236 that transmits
the binary signal output by the amplifier 234 to the microcon-
troller 200 via a line 238 connected to the I/O ctircuitj 208.
The microcomputer analyzes the binary data from the A/D con-
verter by processing the data through the appropriate algo-

rithm. It then generates a report that is transmitted accord-

ing to previous instructions from the operator.
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FIG. 6 1s a flowchart of a computer program routine that
may be used to correlate the spectral reflectance values of
the reagent pads with preprogrammed information concerning the
diagnostic test strip. The series of reagent pads definé spe—
cific uniqué color sequences for the information concerning
the diagnostic test strip. The user signals, 1n step 301, the
spectrometer 10 that a diagnostic test strip 22 1s ready to be
placed in the spectrometer feed table 20 by pressing the start
key 14. The microprocessor wailts until this signal is de-

tected. Because some test strips possess test filelds that

must be analyzed very quickly, insufficient time exists for

the marker fields to be read before the test field is evalu-

P
p—

ated. For example, in the analysis of some analytes, such as

leukocytes, the chemistry reacts so quickly that if the device
were to walt to take the first reading for the analyte until

after reading the bar code, the reading would occur too late.

Accordingly, the leukocyte position is always read flrst even
if it turns out that the strip has no leukocyte reagent. In
this event, step 302 requires positioning the feed table 20
relative to the read head 34 in order to take all required re-
flectance measurements from the test strip beginning with the

test field and followed by the reading of the marker fields.

If it 18 later determined that measurements of the reflectance
from the test fields is not required, such as 1n the case

where the system is reading an i1mmunotest strip, these meas-
urements can be discarded.

At step 303, the spectrometer 10 positions the feed table
20 relative to the read head 34 at the first marker field 504
that can be depicted as reflecting blue 'wavelengths. The
amount of light sensed by the detectors is proportional to the
amount of light reflected from the color bar (marker field) at
the wvarious wavelengths. For example, if the amount of re-

flected light 1is above 85% 1n the red and in the green and in

the blue, the spectrometer would determine the color of the
marker field to be white. The color coding system of the pre-

sent invention can be used to communicate information concern-

ing tests that can be performed by traditional dry chemical
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reagent strips or immunochromatographic strips. Thus, 1in a
preferred embodiment of the present 1nvention, the spectrome-
ter is programmed to recognize that a traditional dry chemical

reagent strip is being viewed when marker field 504 is white.

In this case (i.e., 1f the reagent strip 1s white), at step

304 the software will branch to step 305 and perform a stan-
dard reagent chemistry test using, for example, a MULTIST;IX® 10
SG reagent test strip from Bayer Corporation. The test con-
cludes at step 306. N

At step 304, if the spectrometer determines that the
color of the first bar 504 is not white, but some other color
such as blue, green, black or red, then at sgstep 307 the-spec-
trometer will position the tray relative to the read head at

F
p—

the next bar 504a and measure the color of the bar 504a. At

step 308, the spectrometer determines that theré are more
~color bars to read by reaching the maximum number of bars or
recognizing a specific short sequence as the bars are read.
For eXample, if the bar is white, there is only one bar in the
seguence. If there are more colored bars to read, the soft-
ware loops to step 307 and positions the tray relative to the

read head at the next colored bar and measures i1its color.

This step 1s repeated for each of the colored bars on the

strip. At step 308, if the spectrometer determines that there
are no more color coding bars to read, the softwa‘re loops to
step 309.

At step 309, 1f the sgspectrometer determines that the
color sequence does not correspond to any known test Strip,
the software branches to step 310, reports an error and con-

cludes at step 311. If the color sequence does correspond to

a known color sequence and thus, a known test strip, as corre-

lated with the preprogrammed information at step 309, the
software branches to step 312, performs the indicated immu-

notest and then the test concludes at step 313.

A flowchart that relates to the detection of a misplace-
ment of the diagnostic test strip is shown in FIG. 7. Refer-
ring now to FIG. 7, after a start key is pressed at stepiéol,
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the reflectances of positlions 1, 2, and 7-11 of the test strip
are then read at step 402. 1If the spectrometer 10 i1s not able
to determine the reflectances, and, thus, identify the test

strip at step 403, an error 1s reported at step 404 and the

test concludes at step 405. If the spectrometer 10 is able to
identify the. test strip at step 403, the spectrometer deter-
mines, at Step 406, 1f the strip has, for example, leukbcyte,
glucose or albumin reagents. If the spectrometer determines

that the strip does not have any of the reagents that will al-

low the spectrometer to determine 1f the strip 1is improperly

inserted (e.qg., leukocyte,\ glucose or albumin), the strip is

read, no error check 1s performed and the reagents are re-
ported at step 407. This test concludes at step i408. It 1is
contemplated in accordance with the present invention that
other reagents could be used to detect a misplacéd strip so

long as the IR reflectances can be interpreted in a manner

consistent with the present invention.

If it is determined that the strip does have the afore-
mentioned reagents at step 406, the position of the reagents
1s determined at step 409. At step 410, the spectrometér de -
termines if leukocyte, glucose or albumin are present on the
test strip. If these reagents are not in the appropriate po-
sitions on the strip, the strip is read, no error check 1is
performed and the reagents are reported at step 411 and the
test concludes at step 412. If 1t 1s determined that leuko-
cyte, glucose or albumin 1s located on the test strip, the
spectrometer must determine, 1in step 413, if the IR reflec-

tances are in the correct range. If not, an error is reported

at step 414 and the test concludes at step 415. If the IR re-
flectances of leukocyte, glucose or albumin are in the correct
predetermined range as determined in step 413, the test strip
is read and the results are reported at step 416 and the test
concludes at step 417.

The following example is presented to illustrate various
embodiments of the invention. All numerical values are ap-

proximate numbers. The specific details within this example
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should not be construed to limit the invention as otherwise
described and claimed herein. The following eXample shows
that the use of the IR reflectances of several reagents pre-
vents misidentifications. '

The CLINITEK 50, the instrument used to perform the tests
in the following example, has the ability to read di\ffus:e re-

flectances in the blue, green, red and IR spectral regions.

The instrument also has the ability to position any relevant
region of the strip relative to the optical system, thus meas-
uring the reflectance values for each of the four ID band po-
sitions in the blue, green, red and IR regions. These reflec-
tance values are referred to herein as spectral intensities or
spectral diffuse reflectance values because they are the re-
flectance values as a function of wavelength. In this case,
intensity refers to the magnitude of the diffuse ‘reflectance
signal. ' \

In actual operation, the user may want to analyze'a.diag—
nostic test strip 22, as shown 1n FIG. 2, for a particular
substance. The user dips the test strip 22 1into a sample of
urine up to the indicated level 500 for a predetermined time,
such as thirty (30) seconds. The strip 1s then withdrawn from
the sample. While the same is being withdrawn, a start key 12
of the insttument 10, in FIG. 1, 1s pressed. The strip 1s
placed on the table 20 within ten (10) seconds.

The instrument homes the table, measures the reflectance

.

of the calibration chip on the table 20 and positions the rea-

gent pad under the read head 34 as determined by the selected
type of multiple reagent test strip. An initial read of the
reagent pad is made at an initial time in case it is deter-
mined by reading the color-coded marker seguence that a multi-
ple reagent test strip has been placed in the instrdment.
This is done because reading the initial reflectanée value of
the pad after reading a marker field will delay reading the
pad beyond the time required for the ini;ial reading of the
pad. In this example, a strip with a pad designed for detect-
ing leukocytes is used. If it is later determined% that there

1s no leukocyte pad, this initial reading is discarded. The
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instrument 10 proceeds to position the test strip 22 with marker

field 504 under the read head 34.

Example

IR readings were taken from the tip pad and several other
pads of the test strip after retraction into the CLINITEK 50
spectrometer. After the strip is analyzed for the presence or
absence of a color band, the instrument compared the IR read-
ings at the positions of the expected white blood cell (leuko-
the), glucose and albumin pads to the predetermined reference
tegt limits to determine if a misidentification occurred

(i.e., 1f the strip has been incorrectly placed into the ta-

ble, either tilted or incompletely inserted into the table).

If one or more IR reference limits were violated, an error was

displayed and the test was aborted.

The minimum and maximum IR reflectances were obtained
from a CLINITEK 50 on nine (9) reagents correctly laid in the
feed table of the spectrometer. The maximum reflectances were
generally obtained in water and are reflected in Table I. The
minimum reflectances included solutions up to the concentra-

tions listed in the table below.
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misplaced and tilted from 0.040" to 0.072" to the left of the
correctly laid point on the feed table. It is generally known
that, due to the tolerance on the feed table, a misplacement

of up to 0.015" is still considered flat and distortions or

errors will not result from such a strip misplacing.

As shown in the table above, the percent reflectance of,
for example, the glucose reagent when the strip is placed more
than 0.020" to the right of a central location on the feed ta-
ble 18 less than the minimum acceptable predetermined minimum.
Similarly, the percent reflectance of the glucose feagent when
the strip 1is placed more than 0.020" to the left of a central
location on the feed table is greater than the minimum aécept~
able predetermined minimum. Thus, a spectrometer analyzing a
test strip that is misplaced by more than 0.020" either to the
right or left of a central location on the feed table will re-
sult 1n an aborted test.

As stated above, 1t has been discovered that the analysis
of the IR reflectance for leukocyte, albumin ‘and glucose will
allow a user to easily and quickly determine if a test strip
has been 1ncorrectly or improperly inserted into the feed tar
ble of the spectrometer. It is conceivable that the test
strip will be inserted in such a way that the spectrometer
will analyze the percent IR reflectance in the three positions
in which leukocyte, albumin and glucose should reside and for
one or two of these three reagents described to fall within

the predetermined ranges. However, it is virtually impossible

for the spectrometer to analyze each of the three reagents and
return a result with three correct readings of the IR regflec—
tances. Thus, 1f the test strip is improperly tilted; more
than approximately 0.020", as described above, the sgpectrome-
ter will abort the test.

While the invention has been described with respect to a

number of limited embodiments, variations and modifications

exist. Those skilled in the art will recognize that many
changes may be made thereto without departing from the spirit
and scope of the present invention. The appended claims in-

tend to cover all such variations and modifications as falling
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in within the scope of the invention, which isg s.et forth 1in
the following claims:
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WHAT IS CLAIMED IS:

1. A method of using an infrared reading to detect the mis-
identification of a diagnostic test strip, said method com-
prising the step of:

determining 1f the infrared reflectance of one or more

reagents are within an acceptable predetermined range.

B

2. The method of Claim 1, further comprising the step of

aborting the test if saild infrared reflectances are not within

salid range.

3. The method of Claim 1 wherein sald reagents are leuko-

cyte, glucose and albumin.

4. The method of Claim 3 wherein said predetermined infrared
reflectance range of said leukocyte reagent is from about 57.0

to about 73.0 percent infrared reflectance.

5. The method of claim 3 wherein predetermined infrared re-
flectance range of said glucose reagent is from about 75.0 to

about:90.0 percent infrared reflectance.

6. The method of clalim 3 wherein the predetermined range of
sald albumin reagent is from about 60.0 to about 75.0 percent

infrared reflectance.

7 . The method. of Claim 2 wherein said test will be aborted

if said test strip is more than about 0.020" from a central

location on a feed table or if said test strip is incompletely

inserted by more than about 0.050".
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8 . An automated method of using an infrared reading to de-
tect the misidentification of a diagnostic test strip disposed
on a feed table comprising the steps of:

determining 1f said test strip possesses specified rea-
gents;

locating the position of said reagents on said strip;

reading the infrared reflectances from the 'reagent posSil-
tions; and ' ’

determining 1f said infrared reflectances are within an

acceptable predetermined range.

9. The method of Claim 8, further comprising the step of
aborting said method 1f said infrared reflectances for one or

more of said reagents are not within said predetermined range.

10. The method of Claim 8 wherein said reagents are leuko-
cyte, glucose and albumin.

11. The method of Claim 10 wherein said predetermined infra-

red reflectance range of said leukocyte reagent 1s from about

57.0 to about 73.0 percent infrared reflectance.

12. The method of claim 10 whereiln predetermined infrared re-

flectance range of said glucose reagent is from about 75.0 to
about 90.0 percent infrared reflectance.

13. The method of claim 10 wherein the predetermined infrared
reflectance range of said albumin reagent is from about 60.0
to about 75.0 percent infrared reflectance.

14. The method of Claim 9 wherein said test will be aborted

1f said test strip 1s more than about 0.020" from a central
location on said feed table or if said test strip is incom-
pletely inserted by more than about 0.050".
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15. An automated method of reading a test strip for the

analeis of one or more analyte(s) in a liguid test sample

that comprises the steps of:

a) providing a test strip having at least one test
field on its surface that reflects light at a specific range
of wavelengths and at least two distinct marker fields on the
same surface of said test strip as said test field, said
marker fields reflecting light at different ranges of wave-

lengths from each other and from said test field in a coded

sequence of ranges of wavelengths, salid coded sequence corre-

lates to information concerning identification of the test
strip;

o) introducing sald test strip into a strip reading de-
vice equipped with reading means for both said test field and
sald marker fields, said reading means comprigses a light
source as transmitter and a light sensitive element as re-

g

ceiver, saild receiver being capable of differentiating between

said ranges of wavelengths at which said test field and said

marker fields reflect, said strip reading device also being
equipped with means for correlating the coded range of infra-
red wavelength sequence of reflected light with preprogrammed
information concerning said test strip, said correlating means
being 1n operative communication with a receiving means, said
reading device having means for moving said test strip and
said recelving means relative to one another so that the re-
flectance of said test fiéld and said marker fields can be in-

dividually read by said reading means;

C) allowing said ranges of wavelength values reflected

by said test field and said marker fields to be individually
read by said reading means; '
d) allowing said reading means to communicate said

coded 1infrared sequence of spectral reflectance values re-

flected from said marker fields to said correlating means and
allowing said correlating means to correlate said infrared se-
quence of reflected range of wavelength values with said pre-

programmed information concerning said test strip; and
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e) allowing said reading means to communicate said re-
flected range of infrared wavelength wvalues to said correlat-
ing means and allowing said correlating means to determine,
for one or more of the réagents disposed on sald test strip,

if said reflected range of 1infrared wavelength wvalues are

within a predetermined range of infrared reflectances.

16. The method of claim 15 wherein said test strip is placed
on a feed table.

17. The method of claim 15 wherein sald reagents comprise

leukocyte, glucose and albumin.

18. The method of c¢laim 17 further comprising the step of
aborting said method if said infrared reflectances for one or

more of said reagents are not within said predetermined range.

19. The method of claim_lS wherein sald test will be aborted

1if sald test strip 18 more than about 0.020" from a central
location on said feed table or i1f the test strip is incom-

pletely inserted by more than about 0.050".

20. The method of claim 18 wherein the predetermined infrared
reflectance range for leukocyte 1is from about 57.0 to about

73.0 percent infrared reflectance.

21. The method of claim 18 wherein the predetermined infrared
reflectance range for glucose 1s from about 75.0 to about 90.0
percent 1nfrared reflectance.

22. The method of claim 18 wherein the predetermined infrared

reflectance range for albumin is from about 60.0 to about 75.0

percent infrared reflectance.
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23. The method of claim 15 wherein said range of wavelength

value reflected from sailid test field and said marker fields

are read by moving said test strip and salid reading means

relative to each other.

24. The method of claim 15 wherein said feed table is movable
in relation to said reading means and wherein said test strip
18 placed on said feed table and moved relative to said read-

ing means so that the reading means can scan the mwmarker
fields.

25. The method of claim 15 wherein said reading means 1s ca-

pable of acquiring spatial and spectral reflectances across

the length of said test strip.

26. The method of claim 15 wherelin sailid information concern-

ing sald test strip 1s calibration information based on the

particular batch from which said test strip was obtained.

27. The method of claim 15 wherein said information concern-

ing said test strip relates to location of reactive areas,

critical times, strip age and strip reactivity.

28. The method of c¢laim 15 in which said marker fields com-
prise bars that are substantially parallel to each other and

are substantially perpendicular to the longitudinal axis of
the test strip.

29. A reflectance spectroscope, comprising:
a source of illumination for generating light rays;
a support member adapted to support a reagent pad, said

support member having a position in which said reagent pad is

illuminated by said light rays generated by said illumination
source;
a reflectance detector positioned to receive light rays

from said reagent pad, said reflectance detector occupying a
detection area;
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a housing having an aperture formed therein, said aper-

ture being disposed between said illumination source and said

reagent pad and being adapted to cause sald light rays gener-

ated by said illumination source to illuminate an area of said
reagent pad;
*' means for defining a first optical path from said illumi-
nation source to said reagent pad in which substantially all
singly-reflected 1light rays generated by said illumination
source are prevented from reaching sald reagent pad, said
means for defining said first optical path having a non~planar
wall comprisingﬁ

a first wall portion.with a specular reflective sur-
face disposed to reflect substantially all of said light-rays
generated by said illumination source which reach said first
wall portion to an area which does not include said aperture;
and

a second wall portion with a specular reflective
surface disposed to reflect substantially all of said light
rays generated by said illumination source which reach said
second wall portion to an area which does not include said ap-
erture; .

means for defining a- second optical path from said rea-

gent pad to said reflectance detector in which substantially
all singly-reflected light rays from saild reagent pad are pre-
vented from reaching said refiectance detector, said means for
defining s.aid second optical path having a non-planar wall
comprising:

a third wall portion with a specular reflective sur-
face dispoSed to reflect substantially all of said light rays

which reach said third wall portion from said reagent pad to

an area which does not include said detection area; and

a fourth wall portion with a specular reflective

surface disposed to reflect substantially all of said Alight

rays which reach said fourth wall portion from said reagent

pad to an area which does not include said detection area; and
means for detecting the misidentification of a diagnostic

test strip by determining if said test strip possesses speci-
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fied reagents; locating the position of said reagents on said
test strip and reading the infrared reflectances from the rea-
gent positions to determine if said infrared reflectances are

within an acceptable predetermined infrared reflectance range.

30. The reflectance spectroscope of claim 29 further compris-

ing the step of zea.bortinc_:jj sald method 1f said infrared reflec-
tances for one or more of said reagents are not within said

predetermined infrared reflectance range.

31. The reflectance spectroscope as defined in c¢laim 29

wherein at least one of said wall portions is substantially

planar.

32. The reflectance spectroscope as defined 1n claim 29

wherein all of said wall portions are substantially planar.

33. The reflectance spectroscope as defined in claim 29
wherein saild housing has a detection aperture formed therein,
sald detection aperture being disposed between said reagent

prad and said reflectance detector.

34. The reflectance spectroscope as defined in claim 32
wherein sald means for defining said second optical path com-
prises at least one edge defined by a pair of wall portions,

sald edge being substantially aligned with an edge of said de-

tection area and an edge of said detection aperture.

35. The reflectance spectroscope as defined 1in claim 29
wherein sailid housing has a first detection aperture formed
therein, sald first detection aperture having a first edge and
a second edge and being disposed between said reagent pad and
sald reflectance detector so that said edges of said first de-
tection aperture are substantially aligned with a pair of

edges of said detection area.
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36. A reflectance spectroscope as defined in claim 35 wherein

said housing has a second detection aperture formed therein,

said second detection aperture having a first edge and a sec-

ond edge and being,diSposéd between said first detection aper-

ture \and said reflectance detector so that said edges of said
second detection aperture are substantially aligned with said

pair of edges of sailid detection area.

37. A reflectance sPectroscope, comprising:

a source of illumination for generating light ravs;

a support member adapted to support a reagent pad, said
support member having a pdsition in which said reagent pad is
illuminated by said light rays generated by said illumination
source; |

a reflectance detector positioned to receive light rays
from said reagent pad; *

means for defining a first optical path from said illumi-

nation source to said reagent pad in which substantially all

singly-reflected 1light rays generated by said illumination
source are prevented from reaching said reagent pad; and

means for detecting the misidentification of a diagnostic
test strip 1ncluding a determination whether said test strip
possesses specified reagents, locating the position of said

reagents on sald strip and reading the infrared reflectances

from the reagent positions to determine if said infrared re-
flectances are within an acceptable predetermined infrared re-

flectance range.

38. A reflectance spectroscope as defined in claim 37 addi-
tionally comprising a housing having an aperture formed
therein, said aperture béing disposed between said illumina-
tion source and said reagent pad and being adapted to cause

said light rays generated by said illumination source to illu-

minate an area of said reagent pad.
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39. A reflectance spectroscope as defined in claim 38 wherein
said means for defining a first optical path has a non-planar
wall portion comprising:

a first wall portion with a specular reflective surface
disposed to reflect substantially all of said light rays gen-
erated by said illumination source which reach said first wall
portion to an area which does not include saild aperture; and

a second wall portion with a specular reflective surface

pretem

disposed to reflect substantlially all of said light rays gen-

erated by sald i1llumination source which reach said second

wall portion to an area which does not include said aperture.

40. A reflectance spectroscope as defined in claim 39 wherein
at least one of said first and second wall portions is sub-

stantially planar.

41. A reflectance spectroscope as defined in claim 37 addi-
tionally comprising means for defining a second optical path
from said reagent pad to said reflectance detector in which
substantially all singly-reflected 1light rays from said rea-

gent pad are prevented from reaching sald reflectance detec-
tor. '

42. A reflectance spectroscope as defined in claim 41 wherein

e

said reflectance detector occupies a detection area and

wherein said reflectance spectroscope additionally comprises a
housing. '

43. A reflectance spectroscope as defined in claim 42 wherein
sald means for defining a second optical path has a non-planar
wall portion comprising: '

a first wall portion with a specular reflective surface
disposed to reflect substantially all of said light rays,which
reach said first wall portion from said reagent pad to an area

which does not include said detection area; and

a second wall portion with a specular reflective surface
disposed to reflect substantially all of said light rays which
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reach said second wall portion from said reagent pad to an

area which does not include sald detection area.
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