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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

FIELD

[0001] The present disclosure generally relates to
methods and systems for analyte measurement.

BACKGROUND

[0002] Fig. 1 shows a specimen test strip 100 with a
reaction area 102. Reaction area 102 contains reagents
that react with an analyte in a specimen sample, such as
glucose in a blood sample. When the specimen sample
reaches reaction area 102, reaction area 102 changes
color according to a characteristic of the analyte, such
as the glucose level in blood. The user visually compares
the color of reaction area 102 against a chart 104 to cor-
relate the color of reaction area 102 to the characteristic
of the analyte. Alternatively the user inserts specimen
test strip 100 into a meter, which optically determines the
characteristic of the analyte.
[0003] GB2483482 discloses an optical testing device
comprising a docking cradle for attachment to a mobile
phone, the mobile phone comprising a light source and
an image sensor/camera. The docking cradle receives
an optical module holding a sample. The sample is illu-
minated by the mobile phone’s screen or flash via optical
fibers or mirrors and an image of the sample is detected
by the mobile phone’s camera.

SUMMARY

[0004] The present disclosure is directed to a periph-
eral device as defined in the appended claims.
[0005] According to the present disclosure, a test strip
peripheral device is to be placed over an image sensor
and a light source of a portable computing device to assist
the portable computing device in reading a reaction area
on a test strip in the peripheral device. The peripheral
device includes a light guide to direct light from the light
source to the test strip, and an alignment feature to aid
the placement of the peripheral device relative to the im-
age sensor and the light source on the portable comput-
ing device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing and other features of the present
disclosure will become more fully apparent from the fol-
lowing description and appended claims, taken in con-
junction with the accompanying drawings. Understand-
ing that these drawings depict only several embodiments
in accordance with the disclosure and are therefore not
to be considered limiting of its scope, the disclosure will
be described with additional specificity and detail through
use of the accompanying drawings.

[0007] In the drawings:

Fig. 1 shows a prior art specimen test strip;

Figs. 2A and 2B show systems each including a port-
able computing device and a test strip peripheral de-
vice to assist the portable computing device in read-
ing a test strip in examples of the present disclosure;

Fig. 3 shows a side view of a first test strip peripheral
device for portable computing devices, which first
test strip peripheral device does not form part of the
invention;

Fig. 4 shows a side view of a second test strip pe-
ripheral device for portable computing devices,
which second test strip peripheral device does not
form part of the invention;

Fig. 5 shows a side view of a third test strip peripheral
device for portable computing devices, which third
test strip peripheral device does not form part of the
invention;

Fig. 6 shows a side view of a fourth test strip periph-
eral device for portable computing devices, which
fourth test strip peripheral device does not form part
of the invention;

Fig. 7 shows a side view of a fifth test strip peripheral
device for portable computing devices in examples
of the present disclosure;

Figs. 8A and 8B show side and top views of a sixth
test strip peripheral device for portable computing
devices in examples of the present disclosure;

Fig. 9 shows the screen of a portable computing de-
vice with an alignment mark to facilitate the place-
ment of a test strip peripheral device, which portable
computing device does not form part of the invention;

Figs. 10A, 10B, and 10C show test strips with reac-
tion and reference areas which do not form part of
the invention.

Figs. 11A, 11B, and 11C show test strips with reac-
tion and color calibration areas which do not form
part of the invention;

Fig. 12A shows conductive smart dots on a test strip
or a test strip peripheral device in examples of the
present disclosure;

Figs. 12B, 12C, 12D, and 12E show different types
of smart dots in examples of the present disclosure;

Figs. 13A, 13B, and 13C show different arrange-
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ments of smart dots in examples of the present dis-
closure;

Fig. 14A shows a test strip with a reaction area and
a temperature sensor which does not form part of
the invention;

Fig. 14B shows a test strip with reaction and tem-
perature indication areas which does not form part
of the invention;

Fig. 15 shows a seventh test strip peripheral device
for portable computing devices in examples of the
present disclosure;

Fig. 16 shows an eighth test strip peripheral device
for portable computing devices in examples of the
present disclosure;

Figs. 17A, 17B, 17C, and 17D show perspective, top
bottom, and side views of a ninth test strip peripheral
device, which ninth test strip peripheral device does
not form part of the invention;

Fig. 18 shows the screen of a portable computing
device which does not form part of the invention;

Fig. 19 is a flowchart of a method for a portable com-
puting device to read a test strip in a test strip pe-
ripheral device placed on the portable computing de-
vice, which method does not form part of the inven-
tion.

Fig. 20 shows the screen of a portable computing
device and

Figs. 21A, 21B, 21C, and 21D show first perspective,
second perspective, top, and side views of a tenth
test strip peripheral device, which tenth test strip pe-
ripheral device does not form part of the invention.

DETAILED DESCRIPTION

[0008] As used herein, the term "includes" means in-
cludes but not limited to, the term "including" means in-
cluding but not limited to. The terms "a" and "an" are
intended to denote at least one of a particular element.
The term "based on" means based at least in part on.
[0009] Fig. 2A shows a system 200A to detect a char-
acteristic of an analyte on a test strip 202 in examples of
the present disclosure. System 200A includes a portable
computing device 204, such as a smart phone or a tablet
computer. Device 204 has a screen 206A (e.g., a touch-
screen), a flash 206B, an image sensor 208 (shown in
phantom), a non-transitory computer readable medium
210 (shown in phantom) for storing processor executable
instructions of an application 212 (shown in phantom),
and a processor 214 (shown in phantom) to run the ap-

plication. Executing application 212, processor 214 illu-
minates a reaction area on test strip 202 with light from
screen 206A, captures an image of the reaction area with
image sensor 208, determines the color of the captured
reaction area in the image, and determines the analyte
characteristic based on the color of the captured reaction
area in the image.
[0010] System 200A includes a test strip peripheral de-
vice 216A that assists device 204 in reading the reaction
area on test strip 202. Peripheral device 216A includes
a light guide 218A that directs light from screen 206A to
the reaction area on test strip 202.
[0011] Fig. 2B shows a system 200B to detect a char-
acteristic of an analyte on test strip 202 in examples of
the present disclosure. System 200B includes device 204
and a test strip peripheral device 216B. Executing appli-
cation 212, processor 214 illuminates the reaction area
on test strip 202 with light from flash 206B (shown in
phantom), captures an image of the reaction area with
image sensor 208, determines the color of the captured
reaction area in the image, and determines the analyte
characteristic based on the color of the captured reaction
area in the image.
[0012] Peripheral device 216B includes a light guide
218B that directs light from flash 206B to the reaction
area on test strip 202. Peripheral device 216B includes
a color filter 220 (shown in phantom) to control the color
of the light illuminating the reaction area on test strip 202.
[0013] Fig. 3 shows a test strip peripheral device 300
for device 204, which test strip peripheral device does
not form part of the invention. Peripheral device 300 in-
cludes a test strip slot or compartment 302 to receive test
strip 202, a light guide 304 to direct light from a light
source, such as screen 206A or flash 206B, to the reac-
tion area on the test strip, and an alignment feature 306
to aid the placement of the peripheral device on the port-
able computing device. When flash 206B is used as the
light source, peripheral device 300 includes a color filter
308 to control the color of the light illuminating the reac-
tion area on test strip 202.
[0014] Light emits upward from screen 206A or flash
206B, optionally travels through color filter 308, reflects
diagonally downward from a reflective surface 310 of light
guide 304, passes through the reaction area on test strip
202, and impinges image sensor 208.
[0015] In some examples, light guide 304 is a trans-
parent block and reflective surface 310 is a beveled edge
of the transparent block that reflects light by total internal
reflection (TIR) or a reflective coating. Light guide 304
may be covered in a case or by a coating to prevent
ambient light from entering so the reaction area on test
strip 202 is illuminated substantially by screen 206A or
flash 206B. In other examples light guide 304 is the re-
flective interior in a hollow case of peripheral device 300
and reflective surface 310 is a surface of the reflective
interior. The hollow case blocks ambient light so the re-
action area on test strip 202 is illuminated substantially
by screen 206A or flash 206B.
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[0016] Color filter 308 is located above a portion of
screen 206A or flash 206B. In other examples color filter
308 is located over test strip 202.
[0017] Alignment feature 306 abuts against an edge
312 of device 204 to place test strip 202 above imaging
sensor 208 and reflective surface 310 of light guide 304
over a portion of screen 206A or flash 206B. In other
examples, alignment feature 306 may be received in an
opening on device 204, such as a speaker opening or an
earphone jack.
[0018] Fig. 4 shows a test strip peripheral device 400
for device 204, which test strip peripheral device does
not form part of the invention. Peripheral device 400 in-
cludes a test strip slot or compartment 402 to receive test
strip 202, a light guide 404 to direct light from screen
206A or flash 206B to the reaction area on the test strip,
and an alignment feature 406 to aid the placement of the
peripheral device on the portable computing device.
When flash 206B is used as the light source, peripheral
device 400 includes a color filter 408 to control the color
of the light illuminating the reaction area on test strip 202.
[0019] Light emits from screen 206A or flash 206B, op-
tionally travels through color filter 408, travels from an
entrance face 412 of light guide 404 to an exit face 414
of the light guide, reflects diagonally downward from the
reaction area on test strip 202, and impinges image sen-
sor 208.
[0020] Light guide 404 is slanted so entrance face 412
is located above a portion of screen 206A or flash 208
and exit face 414 is located below the reaction area on
test strip 202. In some examples, light guide 404 is a
transparent block that constrains light by TIR or a reflec-
tive coating on its surfaces. In other embodiments, light
guide 404 is hollow and constrains light by a reflective
coating on its surfaces. Light guide 404 may be covered
in a case or by a coating to prevent ambient light from
entering so the reaction area on test strip 202 is illumi-
nated substantially by screen 206A or flash 206B.
[0021] Color filter 408 is located above a portion of
screen 206A or flash 206B. In other examples color filter
408 is located below the reaction area on test strip 202.
[0022] Alignment feature 406 abuts against edge 312
of device 204 to place test strip 202 above imaging sensor
208 and light guide 404 over a portion of screen 206A or
flash 206B. In other examples, alignment feature 406
may be received in an opening on device 204, such as
a speaker opening or an earphone jack.
[0023] Fig. 5 shows a test strip peripheral device 500
for device 204, which test strip peripheral device does
not form part of the invention. Peripheral device 500 in-
cludes a test strip slot or compartment 502 to receive test
strip 202, a light guide 504 to direct light to and from the
reaction area to imaging sensor 208, and an alignment
feature 506 to aid the placement of the peripheral device
on the portable computing device. When flash 206B is
used as the light source, peripheral device 500 includes
a color filter 508 to control the color of the light illuminating
the reaction area on test strip 202.

[0024] In some examples, light emits upward from
screen 206A or flash 206B, optionally travels through
color filter 508, reflects diagonally downward from a first
reflective surface 510 of light guide 504, reflects diago-
nally upward from the reaction area on test strip 202,
reflects downward from a second reflective surface 512
of the light guide, and impinges image sensor 208.
[0025] In some examples, light guide 504 is a trans-
parent block, first reflective surface 510 is a beveled edge
of the transparent block that reflects light by TIR or a
reflective coating, and second reflective surface 512 is a
reflector embedded in the light guide. Light guide 504
may be covered in a case or by a coating to prevent
ambient light from entering so the reaction area on test
strip 202 is illuminated substantially by screen 206A or
flash 206B. In other examples light guide 504 is the re-
flective interior in a hollow case of peripheral device 500
and reflective surfaces 510, 512 are surfaces of the re-
flective interior. The hollow case blocks ambient light so
the reaction area on test strip 202 is illuminated substan-
tially by screen 206A or flash 206B.
[0026] Color filter 508 is located above a portion of
screen 206A or flash 206B. In other examples color filter
508 is located over test strip 202.
[0027] Alignment feature 506 abuts against edge 312
of device 204 to place second reflective surface 512
above imaging sensor 208 and first reflective surface 510
over a portion of screen 206A or flash 206B. In other
examples, alignment feature 506 may be received in an
opening on device 204, such as a speaker opening or an
earphone jack.
[0028] Fig. 6 shows a peripheral device 600 for device
204, which test strip peripheral device does not form part
of the invention. Peripheral device 600 includes a test
strip slot or compartment 602 to receive test strip 202, a
light guide 604 to direct light to and from the reaction area
on the test strip, and an alignment feature 606 to aid the
placement of the peripheral device on the portable com-
puting device. When flash 206B is used as the light
source, peripheral device 600 includes a color filter 608
to control the color of the light illuminating the reaction
area on test strip 202.
[0029] Light is emitted upward from light source 206A
or flash 206B, optionally travels through color filter 608,
reflects diagonally downward from the reaction area on
test strip 202, reflects diagonally upward from a first re-
flective surface 610 of light guide 604, reflects downward
from a second reflective surface 612 of the light guide,
and impinges image sensor 208.
[0030] In some examples, light guide 604 is a trans-
parent block having a beveled edge that forms part of
test strip slot or compartment 602. First reflective surface
610 is located on the bottom of light guide 604 and lat-
erally offset from test strip 202. First reflective surface
610 reflects light by TIR or a reflective coating. Second
reflective surface 612 is a reflector embedded in light
guide 604 and is laterally offset from first reflective sur-
face 610. Light guide 604 may be covered in a case or
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by a coating to prevent ambient light from entering so the
reaction area on test strip 202 is illuminated substantially
by screen 206A or flash 206B. In other examples light
guide 604 is the reflective interior in a hollow case of
peripheral device 600 and reflective surfaces 610 and
612 are surfaces of the reflective interior. The hollow case
blocks ambient light so the reaction area on test strip 202
is illuminated substantially by screen 206A or flash 206B.
[0031] Color filter 608 is located above a portion of
screen 206A or flash 206B.
[0032] Alignment feature 606 abuts against edge 312
of device 204 to place test strip 202 over a portion of
screen 206A or flash 206B, and second reflective surface
612 over imaging sensor 208. In other examples, align-
ment feature 306 may be received in an opening on de-
vice 204, such as a speaker opening or an earphone jack.
[0033] Fig. 7 shows a peripheral device 700 for device
204 in examples of the present disclosure. Peripheral
device 700 includes a test strip slot or compartment 702
to receive test strip 202, a light guide 704 to direct light
to the reaction area on the test strip, and an alignment
feature 706 to aid the placement of the peripheral device
on the portable computing device. When flash 206B is
used as the light source, peripheral device 700 includes
a color filter 708 to control the color of the light illuminating
the reaction area on test strip 202.
[0034] Light is emitted upward from screen 206A or
flash 206B, optionally travels through color filter 708,
scatters within light guide 704, reflects diagonally down-
ward from the reaction area on test strip 202, and im-
pinges image sensor 208.
[0035] Light guide 704 is a block of scattering material,
such as an acrylic, polycarbonate, epoxy, or glass with
doped hollow shells, located above a portion of screen
206A or flash 206B and adjacent to test strip 202 in test
strip slot 702. Light guide 704 may be covered in a case
or by a coating to prevent ambient light from entering so
the reaction area on test strip 202 is illuminated substan-
tially by screen 206A or flash 206B.
[0036] Color filter 708 is located over a portion of
screen 206A or flash 206B.
[0037] Alignment feature 706 abuts against edge 312
of device 204 to place light guide 704 over a portion of
screen 206A or flash 206B, and test strip 202 over im-
aging sensor 208. In other examples, alignment feature
306 may be received in an opening on device 204, such
as a speaker opening or an earphone jack.
[0038] Figs. 8A and 8B shows an integral test strip pe-
ripheral device 800 for device 204 (Fig. 2A or 2B) in ex-
amples of the present disclosure. Peripheral device 800
includes a test strip 802 integrated with a light guide 804
and an alignment feature 806. Light guide 804 directs
light from screen 206A or flash 206B (Fig. 2A or 2B) to
a reaction area on test strip 802. Light guide 804 may be
covered in a case or by a coating to prevent ambient light
from entering so the reaction area on test strip 202 is
illuminated substantially by screen 206A or flash 206B.
[0039] Alignment feature 806 abuts against an edge

of device 204 to place light guide 804 over a portion of
screen 206A or flash 206B, and test strip 802 over im-
aging sensor 208 (Figs. 2A and 2B). In other examples,
alignment feature 306 may be received in an opening on
device 204, such as a speaker opening or an earphone
jack.
[0040] Fig. 9 shows screen 206A of device 204 (Fig.
2A or 2B) which does not form part of the invention. An
alignment mark 902 is generated on screen 206A to fa-
cilitate the placement of a test strip peripheral device 904
on device 204.
[0041] In some examples, alignment mark 902 is used
to properly align the peripheral device in two dimensions
(e.g., X and Y dimensions). In other examples, alignment
mark 902 work in conjunction with an alignment feature
of peripheral device 904. The alignment feature may abut
against an edge of device 204 or insert into an opening
on the portable computing device, such as a speaker
opening or an earphone jack. The alignment feature may
align peripheral device 904 in one dimension (e.g., the
Y dimension) while alignment mark 902 may align the
peripheral device in another dimension (e.g., the X di-
mension).
[0042] Fig. 10A, 10B, and 10C show test strips with
reaction and reference areas which do not form part of
the invention. A reference area is used to determine im-
aging conditions, such as exposure time, f-stop, and film
speed. Based on the color and the color intensity of the
reference area, processor 214 (Fig. 2A or 2B) executing
application 212 (Fig. 2A or 2B) may select the imagining
conditions. The reference area may be a color chart, a
gray card, or a pure white or black zone.
[0043] In Fig. 10A, a test strip 1000A has a reaction
area 1002 and a reference area 1004A adjacent to the
reaction area which test strip does not form part of the
invention. In Fig. 10B, a test strip 1000B has reaction
area 1002 and a reference area 1004B that surrounds
the reaction area in examples of the present disclosure.
In Fig. 10C, a test strip 1000C has reaction area 1002
and a reference area 1004C that is surrounded by the
reaction area in examples of the present disclosure.
[0044] Figs. 11A, 11B, and 11C show test strips with
reaction and color calibration areas which do not form
part of the invention. A color calibration area is used to
characterize the illumination provided by a particular
screen and adjust an analyte measurement accordingly.
The color calibration area may be a color chart, a gray
card, or a purely black or white zone.
[0045] In Fig. 11A, a test strip 1100A has a reaction
area 1102 and a color calibration area 1104A that is a
color chart arranged as a strip in examples of the present
disclosure. In Fig. 11B, a test strip 1100B has reaction
area 1102 and a color calibration area 1104B that is a
gray chart arranged as a strip. In Fig. 11C, a test strip
1100C has reaction area 1102 and a color calibration
area 1104C in a concentric configuration in examples of
the present disclosure.
[0046] Fig. 12A shows a test strip or a test strip periph-
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eral device 1202 with conductive smart dots 1204 in ex-
amples of the present disclosure. Smart dots 1204 are
areas that have a different conductive property than the
rest of the test strip or peripheral device 1202 so they
can be detected by a touchscreen on a portable comput-
ing device.
[0047] Fig. 12B shows smart dots 1204 that are made
of conductive rubber in examples of the present disclo-
sure. Fig. 12C shows smart dots 1204 that are made of
conductive fibers in examples of the present disclosure.
Fig. 12D shows smart dots 1204 that are made of con-
ductive cloth in examples of the present disclosure. Fig.
12E shows smart dots 1204 that are made of a combi-
nation of metal and plastic in examples of the present
disclosure.
[0048] Figs. 13A, 13B, and 13C show different ar-
rangements (i.e., patterns) of smart dots 1204 on test
strip or peripheral device 1202 in examples of the present
disclosure. When smart dots 1204 contact a touchscreen
on a portable computing device, such as touchscreen
206A on device 204 (Fig. 2A or 2B), the portable com-
puting device can detect the smart dots. The different
arrangements of smart dots 1204 may encode the ana-
lyte type, the product batch number of test strip or pe-
ripheral device 1202, or both. The orientation of smart
dots 1204 may also convey the location and the orienta-
tion of the reaction area on test strip or peripheral device
1202.
[0049] In an example, which does not form part of the
invention, smart dots 1204 are not conductive but form
a visible code on test strip or peripheral device 1202.
Such a code 1204 is captured in an image along with the
reaction area and decoded by processor 214 (Fig. 2A or
2B) to reveal an analyte type, a product batch number of
test strip or peripheral device 1202, or both. The orien-
tation of code 1204 may also convey the location and the
orientation of the reaction area on test strip or peripheral
device 1202.
[0050] Fig. 14A shows a test strip 1400A with a reaction
area 1402 and a temperature sensor 1404A which does
not form part of the invention. A portable computing de-
vice, such as device 204 (Fig. 2A or 2B), can electroni-
cally read temperature sensor 1404A and compensate
the analyte measurement based on the temperature.
Temperature sensor 1404A may be a thermistor or a re-
sistance temperature detector with a transmitter. Device
204 includes a receiver to read temperature sensor
1404A using near field communication (NFC).
[0051] Fig. 14B shows a test strip 1400B with reaction
area 1402 and a temperature indication area 1404B
which does not form part of the invention. A portable com-
puting device, such as device 204 (Fig. 2A or 2B), can
optically read temperature indication area 1404B and
compensate the analyte measurement based on the tem-
perature.
[0052] Fig. 15 shows a test strip or a test strip periph-
eral device 1500 for device 204 (Fig. 2A or 2B) in exam-
ples of the present disclosure. Test strip or peripheral

device 1500 includes a test strip 1502, a light guide 1504
to direct light to a reaction area on the test strip, and an
integral lancet 1506.
[0053] Fig. 16 shows a test strip or a test strip periph-
eral device 1600 for device 204 (Figs. 2A or 2B) in ex-
amples of the present disclosure. Test strip or peripheral
device 1600 includes a lancet 1602 that is a microneedle
array.
[0054] Figs. 17A, 17B, 17C, and 17D show perspec-
tive, top, bottom, and side views of a test strip peripheral
device 1700 which does not form part of the invention.
Peripheral device 1700 includes a hollow case 1701 with
a slot 1702 to receive a test strip, a reflective interior 1704
(Figs. 17C and 17D) that forms a light guide to direct light
to a reaction area on the test strip, and an alignment
feature 1706 (e.g., a lip of the case shown in Figs. 17C
and 17D) to aid the placement of the peripheral device
on device 204 (Fig. 2A or 2B). Case 1701 has an open
bottom exposed to a portion of screen 206A or flash 206B
(Fig. 2A or 2B) and image sensor 208 (Fig. 2A or 2B).
Case 1701 may have a top opening 1708 for a user to
deposit a specimen sample on the reaction area of the
test strip. In other examples, case 1701 does not have
top opening 1708 and the user deposits the specimen
sample through an end of the test strip exposed from
peripheral device 1700. The test strip has a capillary path
that carries the specimen sample from the exposed end
to the reaction area. In yet other examples, peripheral
device 700 includes a capillary 1709 (e.g., shown in phan-
tom in case 1701 of Fig. 17C) that carries the specimen
sample to the to the reaction area inside case 1701. Cap-
illary 1709 may have a first opening at one end of case
1701, a conduit that travels along the thickness of the
case, and a second opening to the interior of the case
above the reaction area. In these examples, the reaction
area on the test strip is illuminated substantially by screen
206A or flash 206B as the reaction area is enclosed within
case 1701 and not exposed to ambient light. Within case
1701, the test strip is supported by a U-shaped guide
1710.
[0055] Fig. 18 shows screen 206A of device 204 which
does not form part of the invention. Screen 206A displays
a live preview of what image sensor 208 (shown in phan-
tom) will capture. A boundary 1802 is displayed on screen
206A to indicate where to locate a reaction area 1804 of
test strip 202 by adjusting the placement of peripheral
device 216A on device 204. In examples where screen
206A serves as a light source, a portion 1806 of screen
206A emits light to illuminate the reaction area on test
strip 202. In these examples, portion 1806 may also serv-
er as alignment marker 902 (Fig. 9) to facilitate the place-
ment of peripheral device 216A on device 204. In other
examples, a separate alignment marker 902 is provided
on screen 206A. Screen 206A displays a capture button
1808 to accept an input command for image sensor 208
to capture reaction area 1804.
[0056] Fig. 19 is a flowchart of a method 1900 for de-
vice 204 (Fig. 2A or 2B) to read the reaction area on test
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strip 202 (Fig. 2A or 2B), which is located in test strip
peripheral device 216A or 216B (Fig. 2A or 2B) placed
over image sensor 208 (Figs. 2A or 2B) and a portion of
screen 206A or flash 206B, which method does not form
part of the invention. Method 1900 may be implemented
by processor 214 (Fig. 2A or 2B) executing application
212 (Fig. 2A or 2B). Although blocks for method 1900
are illustrated in a sequential order, these blocks may
also be performed in parallel, and/or in a different order
than those described herein. Also, the various blocks
may be combined into fewer blocks, divided into addi-
tional blocks, and/or eliminated based upon the desired
implementation. Method 1900 may begin in block 1902.
[0057] In block 1902, processor 214 provides light with
screen 206A or flash 206B to illuminate the reaction area
on test strip 202. Peripheral device 216A or 216B directs
light from screen 206A or flash 206B, respectively, to the
reaction area. In examples where screen 206A is used
as a light source, processor 214 uses portion 1806 (Fig.
18) on the screen to illuminate the reaction area. In these
examples, portion 1806 may also serve as alignment
marker 902. Block 1902 may be followed by block 1904.
[0058] In block 1904, processor 214 displays a live pre-
view of what image sensor 208 will capture on screen
206A. Processor 214 also displays boundary 1802 (Fig.
18) on screen 206A to indicate where to locate the reac-
tion area of test strip 202 by adjusting the placement of
peripheral device 216A or 216B on device 204. Proces-
sor 214 further displays capture button 1808 (Fig. 18) to
receive an input command to capture an image of the
reaction area on test strip 202. Processor 214 may dis-
play alignment marker 902 (Fig. 9) on screen 206A for
peripheral device 216A or 216B. Block 1904 may be fol-
lowed by block 1906.
[0059] In block 1906, touchscreen 206A senses any
smart dots on test strip 202 or peripheral device 216A or
216B that are contacting the screen. Based on the ar-
rangement of the smart dots, processor 214 may deter-
mine an analyte type, a production batch number of the
test strip, or both. Based on the location and the orien-
tation of the smart dots, processor 214 may more accu-
rately determine the location and the orientation of the
reaction area on test strip 202. Processor 214 may also
electronically read temperature sensor 1404A (Fig. 14A)
if present. Block 1906 may be followed by block 1908.
[0060] In block 1908, processor 214 captures an image
with image sensor 208 in response to an input command
(e.g., a selection of capture button 1808). When test strip
202 includes a reference area, processor 214 may first
determine imaging conditions based on the reference ar-
ea before capturing the image.
[0061] The image includes the reaction area. The im-
age may also include a color calibration area, a temper-
ature indication area, or both. Block 1908 may be fol-
lowed by block 1910.
[0062] In block 1908, processor 214 determines an an-
alyte characteristic based on the color of the captured
reaction area in the image. When the image includes a

color calibration area, processor 214 may determine the
color of the reaction area based on the color calibration
area. Processor 214 may correct the analyte character-
istic based on a temperature detected by a temperature
indication area or a temperature sensor. When the image
includes a temperature indication area, processor 214
determines the temperature based on the color of the
temperature indication area.
[0063] When processor 214 is able to determine the
characteristic of multiple analyte types, the processor
may first determine the analyte type based on the smart
dots on a test strip or a peripheral device. When proces-
sor 214 is able to correct the analyte characteristic based
on a production batch number, which may be obtained
through a software update over the Internet, the proces-
sor may first determine the product batch number based
on the smart dots on the test strip or the peripheral device.
[0064] In some examples, processor 214 repeats
method 1900 for a different illumination intensity or color.
Specifically, processor 214 may change the intensity or
color of portion 1806 on screen 206A and capture another
image of the reaction area under a different illumination
intensity or color. Using two illumination colors extends
the dynamic range of the measurement.
[0065] For example, one image is captured under one
illumination intensity or color to enhance the details for
detecting lower concentrations, and another image is
captured under a different illumination intensity or color
to enhance the details for detecting higher concentra-
tions. From the two images, processor 214 may select
one image based that has average RGB values of the
captured reaction area that is neither too low (e.g., <30)
or too high (e.g., >240). Processor 214 then correlates
the color of the captured reaction area to the analyte char-
acteristic.
[0066] Instead of repeating method 1900, processor
214 may split portion1806 into parts 2002 and 2004 of
different intensities or colors as shown in Fig. 20, which
example does not form part of the invention. Thus a first
part 2006 of the reaction area is illuminated by light 2008
of a first intensity or color, and a second part 2008 of the
reaction area is illuminated by light 2010 of a second
intensity or color 2012. Processor then determines the
analyte characteristic based on the captured two parts
in the image. In some examples, processor 214 selects
one captured part in the image that has average RGB
values that is neither too low or too high, and correlates
the color of that captured part to the analyte character-
istic. In other examples, processor 214 calculates the
average or median values RGB values of the two cap-
tured parts combined and determines the analyte char-
acteristic based on the average or median RGB values.
In yet other examples, processor 214 calculates the av-
erage or median values RGB values of each captured
part and determines the analyte characteristic based on
the average or median RGB values of both captured
parts.
[0067] Figs. 21A, 21B, 21C, and 21D show first per-
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spective, second perspective, top, bottom, and side
views of a test strip peripheral device 2100, which does
not form part of the invention. Peripheral device 2100
includes a case 2101 with a compartment 2102 to receive
a test strip, a reflective interior 2104 (Fig. 21D) that forms
a light guide to direct light to a reaction area on the test
strip, and an alignment feature 2106 (Fig. 21D) to aid the
placement of the peripheral device on device 204 (Fig.
2A or 2B). Case 2101 has a hollow body 2108 and a lid
2110 hinged to the body. Body 2108 has an open bottom
exposed to a portion of screen 206A or flash 206B (Fig.
2A or 2B) and image sensor 208 (Fig. 2A or 2B). Com-
partment 2102 is formed by a recessed area on the top
of body 2108. Recessed area 2102 defines an opening
2112 to expose the reaction area of the test strip to im-
aging sensor 208.
[0068] Lid 2110 has a top opening 2114 for a user to
deposit a specimen sample on the reaction area on the
test strip. In other examples, lid 2110 does not have top
opening 2114 and the user deposits the specimen sam-
ple through an end of the test strip exposed from periph-
eral device 2100. The test strip has a capillary path that
carries the specimen sample from the exposed end to
the reaction area. In yet other examples, peripheral de-
vice 2100 includes a capillary 2116 (e.g., shown in phan-
tom in lid 2110 of Fig. 21C) that carries the specimen
sample to the to the reaction area inside case 2101. Cap-
illary 2116 may have a first opening at one end of case
lid 2110, a conduit that travels along the thickness of the
lid, and a second opening to the interior of the lid above
the reaction area. In these examples, the reaction area
on the test strip is illuminated substantially by screen
206A or flash 206B as the reaction area is enclosed within
case 2101 and not exposed to ambient light.
[0069] The features of the test strip peripheral devices
may be combined. For example, a test strip peripheral
device may include any combination of a light guide, an
alignment feature, a lancet, and smart dots.
[0070] The systems disclosed herein may be used to
test for the presence and/or concentration of certain an-
alytes, such as but not limited to glucose, cholesterol,
uric acid, troponin I, ketone, protein, nitrite and leukocyte.
Various fluids may be tested, such as but not limited to
blood, interstitial fluid, urine, saliva, and other bodily flu-
ids.

Claims

1. A peripheral device (700) configured to be placed
over an image sensor (208) and a screen (206A) or
flash (206B) of a portable computing device (204) to
assist the portable computing device (204) in reading
a reaction area on a test strip (202) in the peripheral
device (700), wherein the image sensor (208) and
the screen (206A) or flash (206B) are on the same
side of the portable computing device (204), the pe-
ripheral device (700) comprising:

a test strip slot (702) configured to receive a test
strip (202),
a light guide (704) consisting of a block of scat-
tering material, located above a portion of the
screen (206A) or flash (206B) and adjacent to
the test strip (202) when the test strip (202) is
placed in the test strip slot (702), and, arranged
so that light from the screen (206A) or flash
(206B) on said side of the portable computing
device (204) scatters within the light guide (704),
reflects diagonally downward from the reaction
area on the test strip (202), and impinges the
image sensor (208) on said same side of the
portable computing device (204); and
an alignment feature (706) configured to abut
against an edge (312) of the portable computing
device (204) so as to place the light guide (704)
over a portion of the screen (206A) or flash
(206B) and the test strip (202) over the image
sensor (208).

2. The peripheral device of claim 1, wherein the periph-
eral device (700) further comprises a color filter (708)
to filter light from the screen (206A) or flash (206B).

3. The peripheral device of claim 1, further comprising
at least one of:

(i) a lancet or a microneedle array, and
(ii) the test strip (202) integrated with the light
guide (704) and the alignment feature (706).

4. The peripheral device of claim 1, further comprising
areas to be detected by a touchscreen.

5. The peripheral device of claim 4, wherein the areas
are conductive dots that are arranged to indicate an
analyte type, a production batch number of the pe-
ripheral device, an orientation of the reaction area
on the test strip, or a combination thereof, the con-
ductive dots optionally comprising conductive rub-
ber, conductive fiber, conductive cloth, or a combi-
nation thereof.

Patentansprüche

1. Peripherievorrichtung (700), die dafür ausgelegt ist,
über einem Bildsensor (208) und einem Bildschirm
(206A) oder Blitz (206B) einer tragbaren Datenver-
arbeitungsvorrichtung (204) platziert zu werden, um
der tragbaren Datenverarbeitungsvorrichtung (204)
beim Lesen eines Reaktionsbereichs auf einem
Teststreifen (202) in der Peripherievorrichtung (700)
zu helfen, wobei sich der Bildsensor (208) und der
Bildschirm (206A) oder Blitz (206B) auf derselben
Seite der tragbaren Datenverarbeitungsvorrichtung
(204) befinden, wobei die Peripherievorrichtung
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(700) Folgendes umfasst:

einen zur Aufnahme eines Teststreifens (202)
ausgelegten Teststreifenschlitz (702),
einen Lichtleiter (704), der aus einem Block aus
streuendem Material besteht, der sich über ei-
nem Teil des Bildschirms (206A) oder Blitzes
(206B), und neben dem Teststreifen (202) be-
findet, wenn der Teststreifen (202) in dem Test-
streifenschlitz (702) platziert ist, und so ausge-
legt ist, dass sich Licht von dem Bildschirm
(206A) oder Blitz (206B) auf der Seite der trag-
baren Datenverarbeitungsvorrichtung (204) in
dem Lichtleiter (704) streut, diagonal nach unten
von dem Reaktionsbereich auf dem Teststreifen
(202) reflektiert wird und auf derselben Seite der
tragbaren Datenverarbeitungsvorrichtung (204)
auf den Bildsensor (208) auftrifft; und
ein Ausrichtmerkmal (706), das dafür ausgelegt
ist, gegen einen Rand (312) der tragbaren Da-
tenverarbeitungsvorrichtung (204) anzustoßen,
um so den Lichtleiter (704) über einem Teil des
Bildschirms (206A) oder Blitzes (206B) und den
Teststreifen (202) über dem Bildsensor (208) zu
platzieren.

2. Peripherievorrichtung nach Anspruch 1, wobei die
Peripherievorrichtung (700) ferner ein Farbfilter
(708) zum Filtern von Licht von dem Bildschirm
(206A) oder Blitz (206B) umfasst.

3. Peripherievorrichtung nach Anspruch 1, ferner um-
fassend:

(i) eine Lanzetten- oder Mikronadelanordnung
und/oder
(ii) den mit dem Lichtleiter (704) und dem Aus-
richtmerkmal (706) integrierten Teststreifen
(202).

4. Peripherievorrichtung nach Anspruch 1, die ferner
durch einen Touchscreen zu detektierende Bereiche
umfasst.

5. Peripherievorrichtung nach Anspruch 4,
wobei die Bereiche leitfähige Punkte sind, die dafür
angeordnet sind, einen Analyt-Typ, eine Produkti-
onschargennummer der Peripherievorrichtung, eine
Orientierung des Reaktionsbereichs auf dem Test-
streifen oder eine Kombination davon anzugeben,
wobei die leitfähigen Punkte gegebenenfalls leitfä-
higen Gummi, leitfähige Faser, leitfähiges Tuch oder
eine Kombination davon umfassen.

Revendications

1. Dispositif périphérique (700) configuré pour être pla-

cé sur un capteur d’image (208) et un écran (206A)
ou un flash (206B) d’un dispositif informatique por-
table (204) pour aider le dispositif informatique por-
table (204) à lire une zone de réaction sur une ban-
delette réactive (202) dans le dispositif périphérique
(700), le capteur d’image (208) et l’écran (206A) ou
le flash (206B) étant du même côté du dispositif in-
formatique portable (204), le dispositif périphérique
(700) comprenant :

une rainure pour bandelette réactive (702) con-
figurée pour recevoir une bandelette réactive
(202) ;
un guide de lumière (704), consistant en un bloc
de matériau de diffusion, situé au-dessus d’une
partie de l’écran (206A) ou du flash (206B) et
adjacent à la bandelette réactive (202) quand la
bandelette réactive (202) est placée dans la rai-
nure pour bandelette réactive (702), et agencé
de sorte que la lumière provenant de l’écran
(206A) ou du flash (206B) dudit côté du dispositif
informatique portable (204) soit diffusée dans le
guide de lumière (704), réfléchie en diagonale
vers le bas par la zone de réaction sur la ban-
delette réactive (202) et projetée sur le capteur
d’image (208) dudit même côté du dispositif in-
formatique portable (204) ; et
un attribut d’alignement (706), configuré pour
être en butée contre un bord (312) du dispositif
informatique portable (204) de manière à placer
le guide de lumière (704) sur une partie de
l’écran (206A) ou du flash (206B) et la bande-
lette réactive (202) sur le capteur d’image (208).

2. Dispositif périphérique selon la revendication 1, le
dispositif périphérique (700) comprenant en outre un
filtre coloré (708) pour filtrer la lumière provenant de
l’écran (206A) ou du flash (206B).

3. Dispositif périphérique selon la revendication 1,
comprenant en outre :

(i) une lancette ou une puce à injections, et/ou
(ii) la bandelette réactive (202) intégrée avec le
guide de lumière (704) et l’attribut d’alignement
(706).

4. Dispositif périphérique selon la revendication 1,
comprenant en outre des zones qui doivent être dé-
tectées par un écran tactile.

5. Dispositif périphérique selon la revendication 4,
dans lequel les zones sont des points conducteurs
qui sont agencés pour indiquer un type d’analyte, un
numéro de lot de production du dispositif périphéri-
que, une orientation de la zone de réaction sur la
bandelette réactive ou une combinaison correspon-
dante, les points conducteurs comprenant éventuel-
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lement un caoutchouc conducteur, une fibre conduc-
trice, un tissu conducteur ou une combinaison cor-
respondante.

17 18 



EP 2 946 199 B1

11



EP 2 946 199 B1

12



EP 2 946 199 B1

13



EP 2 946 199 B1

14



EP 2 946 199 B1

15



EP 2 946 199 B1

16



EP 2 946 199 B1

17



EP 2 946 199 B1

18



EP 2 946 199 B1

19



EP 2 946 199 B1

20



EP 2 946 199 B1

21



EP 2 946 199 B1

22



EP 2 946 199 B1

23



EP 2 946 199 B1

24



EP 2 946 199 B1

25

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• GB 2483482 A [0003]


	bibliography
	description
	claims
	drawings
	cited references

