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(54) COMPONENT MEASURING DEVICE

(57) To make it possible to efficiently radiate light on-
to a test paper even in the case where a light source with
small quantity of light is used, as well as adjust the diam-
eter and illuminance distribution of an irradiation spot pro-
jected onto the test paper.

A device has a mounting portion on which a tip (100)
is mounted, a light source (80a) for emitting light having
a predetermined wavelength, and a light-receiving ele-
ment (44) for receiving the light reflected from a test paper
(107). The device further includes a condensing lens (53)
on which the light emitted from the light source 80a is
incident and which condenses the light on the test paper
(107), and a light-path block (26). The light-path block
(26) is provided with a diaphram portion arranged be-
tween the condensing lens (53) and the light source
(80a), at the position of the photographic subject (object)
of the condensing lens (53).
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Description

Technical Field

[0001] The present invention relates to a component
measuring device adapted to optically measure the level
of the blood glucose in the blood, urinary components,
or a specified component in a liquid such as drainage
water, industrial water and the like.

Background Art

[0002] Conventionally, a component measuring de-
vice for optically measuring a specified component has
been used to detect chemical components in a body fluid
or industrial water and measure the quantity and/or qual-
ity of the specified component. In the component meas-
uring device, a test paper is impregnated with a liquid
such as the blood, and then light having a predetermined
wavelength is radiated onto the test paper. The specified
component in the liquid-to-be-measured is calculated
and measured by measuring the intensity of the light re-
flected at the test paper (see, for example, Patent docu-
ment 1).
[0003] Further, Patent document 2 discloses an art in
which two light sources having different wavelengths are
provided for improving measurement accuracy, wherein
the two light sources alternately radiate light onto the test
paper.

Prior art documents

Patent documents

[0004]

[Patent document 1] Japanese Unexamined Patent
Application Publication No. H09-145615
[Patent document 2] Japanese Unexamined Patent
Application Publication No. H11-326192

Disclosure of the Invention

Problems to be Solved by the Invention

[0005] In recent years, portable component measuring
devices adapted to be carried by a user have been de-
veloped, and therefore miniaturization of the device is
required. In order to miniaturize the device, it is consid-
ered to miniaturize the light source. Incidentally, due to
increasing demand for devices provided with two light
sources, such as the art described in Patent document
2, there is a strong demand for miniaturizing the light
source. However, since a miniaturized light source can
not have sufficient quantity of light necessary to accu-
rately measure the component, it was difficult to minia-
turize the light source and the device.
[0006] Further, since there is more or less individual

variation in directionality of the light source, the diameter
of the irradiation spot projected onto the test paper varies
due to the individual variation in directionality of the light
source. As a result, in a conventional component meas-
uring device, since the diameter of the irradiation spot
and illuminance distribution vary for every device,
amount of data obtained by one device differs from
amount of data obtained by another device, so that meas-
urement error will be caused between different devices.
[0007] In view of the above problems, it is an object of
the present invention to provide a component measuring
device capable of efficiently radiating light onto the test
paper even using a light source having low-light intensity,
and improving the measurement accuracy by adjusting
the diameter of the radiation spot projected onto test pa-
per and the illuminance distribution.

Means for Solving the Problems

[0008] To solve the above problems and achieve the
object of the present invention, a component measuring
device according to an aspect of the present invention
includes a mounting portion on which a tip having a test
paper attached thereto is mounted, the test paper being
impregnated with a liquid, a light source adapted to emit
light having a specified wavelength, and a light-receiving
element adapted to receive the light reflected from the
test paper. The component measuring device further in-
cludes a condensing lens where the light emitted from
the light source enters and which condenses the light
onto the test paper, and a light-path block arranged be-
tween the condensing lens and the light source, at the
position of a photographic subject (object) of the con-
densing lens.

Advantages of the Invention

[0009] With the component measuring device of the
present invention, by condensing light with the condens-
ing lens, it is possible to efficiently radiate light onto the
test paper even with small quantity of light. Thus, small
light source having small light quantity can be used, so
that it is possible to miniaturize the entire device. Further,
by providing the diaphragm portion and setting the posi-
tion of the photographic subject (object) of the condens-
ing lens in the diaphragm portion, it is possible to adjust
the diameter of the radiation spot projected onto the test
paper. As a result, it is possible to obtain a predetermined
irradiation shape and illuminance distribution regardless
of individual variation of the light source, so that it is pos-
sible to improve the measurement accuracy and reduce
measurement error between different devices.

Brief Description of Drawings

[0010]

FIG. 1 is a perspective view showing a component
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measuring device according to an embodiment of
the present invention;
FIG. 2 is a right side view showing the component
measuring device according to the aforesaid embod-
iment;
FIG. 3 is a front view showing the component meas-
uring device according to the aforesaid embodiment;
FIG. 4 is a perspective view showing a primary por-
tion of the component measuring device according
to the present invention;
FIG. 5 is an exploded perspective view showing the
primary portion of the component measuring device
according to the present invention;
FIG. 6 is an enlarged cross section taken along line
Y-Y of Fig. 3;
FIG. 7 is an enlarged cross section taken along line
X-X of Fig. 2;
FIG. 8 is a perspective view showing a light-path
block of the component measuring device according
to the present invention;
FIG. 9 is an exploded perspective view showing the
light-path block of the component measuring device
according to the present invention; and
FIG. 10 is a graph showing illuminance distribution
of the component measuring device according to the
present invention which is provided with diaphragm
portions, and illuminance distribution of a component
measuring device which is not provided with the di-
aphragm portions.

Best Modes for Carrying Out the Invention

[0011] A component measuring device according to
an embodiment of the present invention will be described
below with reference to FIGS. 1 to 10. Note that, in the
drawings, common components are denoted by same
reference numerals. Further, it should be noted that the
present invention is not limited to the following embodi-
ment. The description will be given in the following order.

1. Configuration example of component measuring
device
2. Operation of component measuring device

1. Configuration example of component measuring de-
vice

[0012] The configuration of a blood glucose measuring
device applied as the component measuring device ac-
cording to an embodiment of the present invention (re-
ferred to as "present embodiment" hereinafter) will be
described below with reference to FIGS. 1 to 3.
FIG. 1 is a perspective view of a blood glucose measuring
device according to present embodiment, FIG. 2 is a right
side view of the blood glucose measuring device, and
FIG. 3 is a front view of the blood glucose measuring
device.
[0013] The blood glucose measuring device 1 of the

present embodiment is adapted to enable a doctor, a
nurse, a diabetic patient or the like to collect blood in a
tip, measure the level of the blood glucose in the blood,
and manage the measured data of blood glucose level.
The blood glucose measuring device can be operated
on the palm of the hand of a user, just like a cellular phone.
[0014] As shown in FIG. 1, the blood glucose measur-
ing device 1 includes a case 2 formed by a hollow con-
tainer, a power section housed in the case 2, a measuring
section 4 for measuring the blood glucose level and the
like, a display 5, a controller for controlling the operation
and display of the measuring section 4 and display 5,
and the like. Further, a tip 100 for sucking and housing
the blood of the user is mounted on the measuring section
4. Incidentally, input items, confirmation items, measure-
ment result and the like, for example, are displayed on
the display 5.
[0015] The case 2 is somewhat slender so that press-
ing operation of two operating switches 14 of an operating
portion can be easily performed with holding it in one
hand, and is formed into a three-dimensional shape al-
lows a trunk portion 9 thereof to be fitted to the hand. The
case 2 includes an upper case 7 and a lower case 8
superimposed on each other up and down. The case 2
is configured so as to be able to be assembled and dis-
assembled by tightening and loosening a plurality of
screws in a state where the upper case 7 and the lower
case 8 are superimposed on each other up and down.
[0016]  Further, the display 5, the controller and the
like are arranged in the hollow portion of the trunk portion
9 of the case 2. Furthermore, the measuring section 4 is
arranged on the side of a tip end (which is one end of the
hollow portion in the longitudinal direction) of the case 2.
The display 5 is attached to the upper case 7, and the
power section is arranged in the lower case 8.
[0017] A battery housing portion is arranged in the low-
er case 8, wherein the battery housing portion opens on
the lower surface of the lower case 8. For example, a
button battery, as a portable power, is detachably housed
in the battery housing portion. The battery housing por-
tion is covered by a battery lid detachably attached to the
lower case 8, and the battery housing portion can be
opened and closed by the battery lid. In the blood glucose
measuring device 1, the operation of the measuring sec-
tion 4 and controller, and the display action of the display
5 are controlled by the power of the button battery.
[0018] The type of the battery used in the power section
is not limited to the button battery, but includes other bat-
teries such as round-shaped dry-cell battery, square-
shaped dry-cell battery and the like. Further, on classi-
fying according to material basis, an alkaline battery, a
manganese dioxide battery and the like may obviously
be used, and a secondary battery such as a lithium-ion
battery may also be used.
[0019] A substantially rectangle-shaped opening win-
dow 11 is arranged substantially in the central portion of
the upper case 7, the opening window 11 penetrating the
front surface and the back surface of the upper case 7.
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A liquid crystal cover 12 is fitted in the opening window
11, the shape of the liquid crystal cover 12 matching the
opening window 11. A liquid crystal panel of the display
5 is arranged on the back surface side of the liquid crystal
cover 12. The entire upper face of the liquid crystal cover
12 is covered by a front panel 13, wherein the size of the
front panel 13 is suitably larger than the size of the liquid
crystal cover 12. The size of the front panel 13 is such
that the front panel 13 covers the two operating switches
14 arranged on the upper face of the upper case 7.
[0020] The two operating switches 14 are respectively
inserted into two through-holes formed in the upper face
of the upper case 7. Various operations of the blood glu-
cose measuring device 1, such as on/off operation and
the like, can be performed through the operating switches
14.
[0021] The liquid crystal panel of the display 5 and a
main wiring substrate of the controller are arranged be-
tween the upper case 7 and the lower case 8. The main
wiring substrate is provided with an electrical circuit
formed in a predetermined shape by printed wiring or the
like. A microcomputer for executing a predetermined
function previously designed, a storage device such as
a ROM, a RAM or the like in which a predetermined pro-
gram is previously stored, and other electronic compo-
nents such as capacitor(s), resistor(s) and the like are
mounted on the main wiring substrate.
[0022] As shown in FIG. 2, one side of the case 2 in
the longitudinal direction is formed as a curved portion
16, which has a tapered shape and which slightly curves
toward the side of the lower case 8. The curved portion
16 is formed by combining an upper curved portion 16a
arranged in the upper case 7 and a lower curved portion
16b arranged in the lower case 8, wherein the upper
curved portion 16a is an inward U-shaped portion, and
the lower curved portion 16b is an outward U-shaped
portion (see FIG. 3). The curved portion 16, which as a
whole curves toward the side of the lower case 8, is
formed by superimposing the upper curved portion 16a
and the lower curved portion 16b on each other.
[0023] Further, an ejecting operator 18 is provided on
the convex side of the curved portion 16. The ejecting
operator 18 is a member for operating an ejecting mem-
ber 24, which is to be described later. Incidentally, the
curved portion 16 has a long hole formed therein for al-
lowing the ejecting operator 18 to move. The long hole
has a predetermined length linearly extending along the
front-back direction of the case 2, and leg portion of the
ejecting operator 18 is slidably engaged with the long
hole.
[0024] Further, an opening 17 is provided at the tip end
of the curved portion 16. The opening 17 opens obliquely
downward at a position slightly leaning to the side of the
lower case 8 from the portion passing through the center
of the case 2. Incidentally, the measuring section 4 is
arranged in the opening 17.

[Measuring section]

[0025] Next, the measuring section 4 of the present
embodiment will be described below with reference to
FIGS. 4 to 9.
FIG. 4 is a perspective view of the measuring section of
the present embodiment, FIG. 5 is an exploded perspec-
tive view of the measuring section, and FIG. 6 and FIG.
7 are each a cross section of the measuring section. Fur-
ther, FIG. 8 is a perspective view of a light-path block of
the measuring section of the present embodiment, and
FIG. 9 is an exploded perspective view of the light-path
block.
[0026] The measuring section 4 is a device for optically
measuring blood glucose level by collecting the blood
into the tip 100. The measuring section 4 includes a ring
case 21, an inner ring 22, a photometric block 23, an
ejecting member 24, a light-path block 26, a photometric
substrate 27, and a substrate-pressing bracket 28 for
pressing a light-emitting diode substrate.
[0027] As shown in FIG. 5, the ring case 21 has a fixing
portion 21a for fixing the ring case 21 to the case 2, and
a cylindrical shaft portion 21b integrally-formed continu-
ously from the fixing portion 21a. The fixing portion 21a
has an end face portion 21c which extends toward the
center so that the opening 17 is closed. The cylindrical
shaft portion 21b projects outward from substantially the
central portion of the end face portion 21c. Further, screw
portions 31, by which the photometric block 23 and the
substrate-pressing bracket 28 are fixed through fixing
screws 40, are arranged in the fixing portion 21a.
[0028] As shown in FIG. 6, a rib 21d is provided on the
inner wall of the cylindrical shaft portion 21b. Further, the
inner ring 22 is arranged on the inner side of the cylindrical
shaft portion 21b. The inner ring 22 has a cylindrical por-
tion 22a and a flange portion 22b. The flange portion 22b
is formed continuously from the side of one end surface
of the cylindrical portion 22a, and extends outwardly in
the radial direction.
[0029] Further, the cylindrical portion 22a is arranged
coaxially with the cylindrical shaft portion 21b on the inner
side of the cylindrical shaft portion 21b of the ring case
21. Thus, a ring-like space portion is formed between the
cylindrical shaft portion 21b of the ring case 21 and the
cylindrical portion 22a of the inner ring 22. An ejecting
portion 46 of the ejecting member 24 (which is to be de-
scribed later) is slid in the longitudinal direction within the
ring-like space portion (see FIG. 7). Further, a mounting
portion 30 is configured by the ring case 21 and the inner
ring 22, wherein the mounting portion 30 can support the
tip 100 in a manner in which the tip 100 can be attached
and detached. Incidentally, the photometric block 23 is
arranged on the side of the back face of the inner ring 22
so as to face the inner ring 22.
[0030] As shown in FIG. 5, the photometric block 23
is formed as a hollow portion, and has a substantially
plate-like base portion 23a and a substantially circular
shaft portion 23b, wherein the shaft portion 23b is formed
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in front of the base portion 23a. The base portion 23a is
provided with a plurality of screw holes 32 into which
fixing screws are screwed, and two substantially semi-
circular notches 33. Incidentally, when installing the pho-
tometric block 23 onto the side of the back face of the
ring case 21, the screw portions 31 of the ring case 21
is fitted into the two notches 33 (see FIG. 4).
[0031] As shown in FIG. 6, the shaft portion 23b is pro-
vided with a main light guide path 35 through which the
light emitted from light-emitting diodes 80a, 80b (which
are to be described later) is passed, and a light-receiving
path 36 through which the light reflected by a test paper
107 attached to the tip 100 is passed. Incidentally, a hous-
ing portion 37, in which the light-path block 26 is housed,
is arranged on an end portion of the main light guide path
35 on the side of the base portion 23a. The housing por-
tion 37 has one face entirely opened on the side of the
base portion 23a. Further, a fitting-in portion 38, into
which a light-receiving element 44 is fitted, is provided
on an end portion of the light-receiving path 36 on the
side of the base portion 23a.
[0032] The light-receiving element 44 has a light-re-
ceiving section 44a and two wires 44b, wherein the light-
receiving section 44a is adapted to receive the light re-
flected from the test paper 107. The light-receiving sec-
tion 44a is formed in a cannon shell shape, and has a
substantially spherical light-receiving surface. The two
wires 44b extend continuously from the opposite side of
the light-receiving surface of the light-receiving section
44a, and are electrically connected to the photometric
substrate 27.
[0033]  Further, a glass 39 is attached to an end surface
of the shaft portion 23b through a rubber gasket 41 so
that the opening of the main light guide path 35 and the
opening of the light-receiving path 36 are closed.
[0034] By closing the opening of the main light guide
path 35 and the opening of the light-receiving path 36 by
the glass 39 and the rubber gasket 41, water and the like
can be prevented from entering the photometric block 23.
[0035] Incidentally, the ejecting member 24 is slidably
attached to the shaft portion 23b of the photometric block
23. The ejecting member 24 is provided for dismounting
the tip 100 mounted on the mounting portion 30. The
ejecting member 24 includes an ejecting portion 46, and
a sliding plate 47 to which the ejecting portion 46 is fixed,
wherein the ejecting portion 46 directly contacts with the
tip 100 to eject the tip 100, and the sliding plate 47 is
adapted to be slid with a predetermined distance.
[0036] The ejecting portion 46 is configured by a pair
of arc-like pieces 46a, 46a facing each other, wherein
the two arc-like pieces 46a, 46a are each curved in an
arc shape. The ejecting portion 46 is attached to the shaft
portion 23b of the photometric block 23 in a movable
manner, and is adapted to be moved back and forth with
a predetermined distance on the outer side of the shaft
portion 23b along the axial direction.
[0037] The sliding plate 47 is formed in such a shape
that the intermediate portion thereof in the longitudinal

direction is bent by 90 degrees. The sliding plate has a
fixing portion 47a arranged on one side of the bent portion
thereof and has a connecting portion 47b arranged on
the other side of the bent portion thereof. The fixing por-
tion 47a is formed as a U-shaped portion whose size
corresponds to the pair of the arc-like pieces 46a, 46a
constituting the ejecting portion 46. The pair of arc-like
pieces 46a, 46a erect from one surface of the fixing por-
tion 47a so that they project toward the side opposite to
the side of the connecting portion 47b. Further, a through-
hole 48 for connecting the ejecting member 24 to the
ejecting operator 18 is formed at substantially the central
portion of the connecting portion 47b.
[0038] The ejecting member 24 is fixed to the ejecting
operator 18 by tightening a fixing screw inserted into the
through-hole 48 of the sliding plate 47. Further, the eject-
ing member 24 is pulled by a tension coil spring (not
shown in the drawings) so as to be constantly biased
backward in a direction to leave away from the inner ring
22.
[0039] Incidentally, by pressing the ejecting operator
18 forward, the ejecting member 24 is moved by a dis-
tance equivalent to the moving distance of the ejecting
operator 18. As a result, a pair of tip ends of the ejecting
portion 46 arranged on the tip end of the ejecting member
24 press the end portions of engagement claws 105 of
the tip 100 forward, so that the tip 100 is dismounted from
the mounting portion 30. By the aforesaid operation, the
tip 100 can be discarded.

[Tip]

[0040] Next, the tip 100 mounted on the blood glucose
measuring device 1 will be described below. Referring
back to Fig. 1, the tip 100 includes a disc-shaped base
portion 101, a nozzle portion 102 formed on one surface
of the base portion 101, and an engaging portion 103
formed on the other surface of the base portion 101.
[0041] The outer diameter of the base portion 101 is
substantially equal to the outer diameter of the cylindrical
shaft portion 21b. The nozzle portion 102 erects from the
center of the base portion 101. A collecting hole 104 pen-
etrating in the axial direction is provided in the central
portion of the nozzle portion 102. The tip end portion of
the nozzle portion 102 is tapered, and the tip end face of
the tip end portion is provided with a recessed groove
102a for easily sucking the specimen (see FIG. 3).
[0042]  The size of the engaging portion 103 of the tip
100 matches the space portion of the mounting portion
30. In other words, the outer diameter of the engaging
portion 103 is set to such a value that allows the engaging
portion 103 and the hole of the cylindrical shaft portion
21b to fit each other, and the inner diameter of the en-
gaging portion 103 is set to such a value that allows the
engaging portion 103 to cover the cylindrical portion 22a.
[0043] Further, four engagement claws 105 each
formed by a resilient piece are provided in the tip end
portion of the engaging portion 103. Incidentally, the
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number of the engagement claws 105 may also be three
or less, or five or more. The engagement claws 105 are
each formed as a circumferentially continuous arc-like
convex portion, and, in order to increase frictional resist-
ance, a plurality of convex portions are provided on the
outer periphery of each of the engagement claws 105.
The engagement claws 105 is brought into contact with
the inner periphery of the cylindrical shaft portion 21b
and pressed in, so that the engagement claws 105 cross
over the rib 21d arranged in the inner face of the cylin-
drical shaft portion 21b, and thereby retention force for
the cylindrical shaft portion 21b to retain the tip 100 is
increased, which makes the tip 100 less likely to disen-
gage (see FIG. 6).
[0044]  Further, a test paper housing portion 106 in
communication with the collecting hole 104 is provided
in the inner side of the engaging portion 103. The test
paper 107, which is adapted to collect the blood and hold
a predetermined amount of blood, is housed in the test
paper housing portion 106. The components of the blood
can be measured by irradiating a specified light emitted
from the photometric block 23 onto the test paper im-
pregnated with the blood.

[Light-path block]

[0045] Next, the light-path block 26 will be described
below with reference to FIGS. 8 and 9. As shown in FIG.
8, the light-path block 26 includes a first light-path block
51 and a second light-path block 52. Further, a condens-
ing lens 53 is attached to the light-path block 26.
[0046] As shown in FIG. 9, the first light-path block 51
has a base portion 51a and a flange portion 51b, wherein
the base portion 51a has a substantially cuboid-shape.
An end surface of the base portion 51a facing the con-
densing lens 53 is inclined from both ends in the longi-
tudinal direction to the center of the base portion 51a, so
that the central portion is recessed. The base portion 51a
is provided with two grooves 54a, 54b each recessed in
substantially circular shape, two convex pieces 55a, 55b,
and an insertion hole 56.
[0047]  A projection 57 is formed on each of both end
surfaces of the base portion 51a in the longitudinal direc-
tion. As shown in FIG. 7, when housing the light-path
block 26 into the housing portion 37 of the photometric
block 23, the projections 57 abut the lateral wall of the
housing portion 37, and therefore it is possible to position
the light-path block 26 in the housing portion 37 of the
photometric block 23 and prevent backlash of the light-
path block 26.
[0048] The two grooves 54a, 54b are each recessed
in two steps from one surface of the base portion 51a.
The two grooves 54a, 54b are arranged substantially in
a truncated V shape, and the insertion hole 56 is arranged
between the two grooves 54a, 54b. The two convex piec-
es 55a, 55b approximately perpendicularly projects from
the surface of the base portion 51a facing the condensing
lens 53. The first convex piece 55a is formed on one end

in the longitudinal direction, and the second convex piece
55b is formed on the other end in the longitudinal direc-
tion.
[0049] Further, the flange portion 51b is provided on a
surface of the base portion 51a opposite to the surface
facing the condensing lens 53. Two gripping pieces 58
for gripping the photometric substrate 27 are formed in
the flange portion 51b.
[0050] The second light-path block 52 has the same
configuration as that of the first light-path block 51, and
has a base portion 52a and a flange portion 52b, wherein
the base portion 52a has a substantially rectangular par-
allelepiped-shape. An end surface of the base portion
52a opposed to the condensing lens 53 is inclined from
both ends in the longitudinal direction to the center of the
base portion 52a, so that the central portion is recessed.
The base portion 52a is provided with two grooves 61a,
61b each recessed in substantially circular shape, two
convex pieces 62a, 62b, and a convex portion 63 (see
FIG. 6) for being inserted into the insertion hole 56. Fur-
ther, a mounting portion 64 recessed in substantially
quadrangular shape is formed in the upper face portion
of the base portion 52a.
[0051] The two grooves 61a, 61b are formed in a sur-
face of the base portion 52a facing the two grooves 54a,
54b of the first light-path block 51. Similar to the two
grooves 54a, 54b of the first light-path block 51, the two
grooves 61a, 61b are each recessed in two steps. Inci-
dentally, the two grooves 61a, 61b are arranged substan-
tially in a truncated V shape so that the two grooves 61a,
61b face the two grooves 54a, 54b of the first light-path
block 51. Further, the convex portion 63 projects between
the two grooves 61a, 61b.
[0052] The two convex pieces 62a, 62b approximately
perpendicularly projects from the surface of the base por-
tion 52a facing the condensing lens 53. The first convex
piece 62a is formed on one end in the longitudinal direc-
tion, and the second convex piece 62b is formed on the
other end in the longitudinal direction. Further, the flange
portion 52b is provided on a surface of the base portion
52a opposite to the surface facing the condensing lens
53.
[0053] A first diaphragm portion 66 and a first light
guide path 67 are configured by the first groove 54a of
the first light-path block 51 and the first groove 61a of the
second light-path block 52. A second diaphragm portion
68 and a second light guide path 69 are configured by
the second groove 54b of the first light-path block 51 and
the second groove 61b of the second light-path block 52.
[0054] Further, a first fitting portion 71 is configured by
the first convex piece 55a of the first light-path block 51
and the first convex piece 62a of the second light-path
block 52. Further, a second fitting portion 72 is configured
by the second convex piece 55b of the first light-path
block 51 and the second convex piece 62b of the second
light-path block 52.
[0055] The light emitted from light-emitting diodes 80a,
80b (which are to be described later) is incident on the
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condensing lens 53, and the condensing lens 53 con-
denses the light incident thereon onto the test paper 107
of the tip 100. The condensing lens 53 is formed in such
a shape that it is substantially plate-like, and substantially
the center thereof in the longitudinal direction is bent at
an obtuse angle. Further, the condensing lens 53 in-
cludes a first lens portion 53a, a second lens portion 53b,
and two fitting-receiving portions 73, 74.
[0056] The first lens portion 53a and the second lens
portion 53b are each a convex lens which is convexed
to both sides. The first lens portion 53a is formed on one
side in the longitudinal direction, and the second lens
portion 53b is formed on the other side in the longitudinal
direction. When the condensing lens 53 has been at-
tached to the light-path block 26, the first lens portion 53a
is located in front of the first light guide path 67 and the
first diaphragm portion 66. Further, the second lens por-
tion 53b is located in front of the second light guide path
69 and the second diaphragm portion 68.
[0057] Incidentally, the focus of the first lens portion
53a on the incident side is set in front of the first dia-
phragm portion 66, and the focus of the second lens por-
tion 53b on the incident side is set in front of the second
diaphragm portion 68. The first diaphragm portion 66 and
the second diaphragm portion 68 are respectively ar-
ranged at the position of the photographic subject (object)
of the first lens portion 53a and the position of the pho-
tographic subject (object) of the second lens portion 53b.
Further, as shown in FIG. 7, a first illumination axis L1
passing through the centers of both the first diaphragm
portion 66 and the first lens portion 53a and a second
illumination axis L2 passing through the centers of both
the second diaphragm portion 68 and the second lens
portion 53b intersect with each other at a point in the test
paper 107 of the tip 100.
[0058] The first fitting-receiving portion 73 is arranged
on one end of the condensing lens 53 in the longitudinal
direction, and the second fitting-receiving portion 74 is
arranged on the other end of the condensing lens 53 in
the longitudinal direction. The first fitting-receiving por-
tion 73 has two fitting pieces 73a, 73a arranged apart
from each other by a predetermined distance. Further,
as shown in FIG. 8, the first fitting portion 71 of the light-
path block 26 is fitted between the two fitting pieces 73a,
73a of the first fitting-receiving portion 73. Similarly, the
second fitting-receiving portion 74 has two fitting pieces
74a, 74a arranged apart from each other by a predeter-
mined distance, and the second fitting portion 72 of the
light-path block 26 is fitted between the two fitting pieces
74a, 74a.
[0059] Referring back to Fig. 5, the photometric sub-
strate 27 and the substrate-pressing bracket 28 will be
described below. As shown in FIG. 5, the photometric
substrate 27 includes an attachment portion 76 to which
two light-emitting diodes 80a, 80b (which serve as light
source) are attached, and a mounting portion 77 on which
electronic components for controlling the light-emitting
diodes 80a, 80b and the light-receiving element 44 are

mounted. The attachment portion 76 is formed in a plate-
shape and provided with two attachment holes 76a and
two notches 76b formed therein.
[0060] As shown in FIG. 4, the photometric substrate
27 is supported by the substrate-pressing bracket 28 and
arranged on the back side of the photometric block 23.
Incidentally, as shown in FIG. 5, the substrate-pressing
bracket 28 is provided with a supporting face portion 28a
and a fixing hole 28b, wherein the supporting face portion
28a is adapted to press the photometric substrate 27
toward the side of the photometric block 23 and support
the photometric substrate 27, and the fixing hole 28b is
provided for fixing the substrate-pressing bracket 28 to
the ring case 21 through the fixing screws 40.
[0061] Further, as shown in FIG. 7, the attachment por-
tion 76 of the photometric substrate 27 is arranged so
that the opening of the housing portion 37 of the photo-
metric block 23 is closed. At this time, the first light-emit-
ting diode 80a is arranged behind the first diaphragm
portion 66 of the light-path block 26, and the second light-
emitting diode 80b is arranged behind the second dia-
phragm portion 68 of the light-path block 26. Further, the
gripping pieces 58 arranged in the light-path block 26 are
engaged to the notches 76b of the attachment portion 76.
[0062] Incidentally, the wavelength of the first light-
emitting diode 80a and the wavelength of the second
light-emitting diode 80b are set different from each other.
For example, the wavelength of the first light-emitting di-
ode 80a is set to a range from 620nm to 640nm, which
is utilized to detect glucose value obtained based on color
density generated by the blood specimen. In contrast,
the wavelength of the second light-emitting diode 80b is
set to a range from 510nm to 540nm, which is utilized to
detect hematocrit value obtained based on red-color den-
sity of the red blood cells.
[0063] The blood glucose measuring device 1 of the
present embodiment is adapted to quantify the glucose
concentration through correcting the glucose value by
using the hematocrit value, to thereby measure the blood
glucose level. Incidentally, the first light-emitting diode
80a and the second light-emitting diode 80b alternately
emit light.
[0064] As shown in FIG. 7, the first illumination axis L1
passing through the centers of both the first diaphragm
portion 66 and the first lens portion 53a is tilted with re-
spect to the optical axis L3 of the first light-emitting diode
80a. Further, the second illumination axis L2 passing
through the centers of both the second diaphragm portion
68 and the second lens portion 53b is tilted with respect
to the optical axis L4 of the second light-emitting diode
80b. By providing the diaphragm portions 66, 68, it is not
necessary to make the illumination axis L1 and the optical
axis L3, as well as the illumination axis L2 and the optical
axis L4 to respectively coincide with each other, so that
the structure to which the light-emitting diodes 80a, 80b
are attached is simplified.
[0065] Incidentally, the present embodiment is de-
scribed based on an example in which two light sources
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are provided; however, the number of the light source
may also be one, three, or more than three. Further, the
number of the diaphragm portion and the number of the
lens portions of the condensing lens are suitably set cor-
responding to the number of the light sources.
[0066] With the blood glucose measuring device 1 of
the present embodiment, by condensing the light of the
light-emitting diodes 80a, 80b by the condensing lens 53,
it is possible to efficiently radiate light onto the test paper
even with small quantity of light. As a result, since a small
light-emitting diode with low-light intensity can be used,
it is possible to miniaturize the entire device.
[0067] Further, owing to the condensing lens 53, it is
possible to obtain sufficient quantity of light required for
measurement even if the distance between the light-emit-
ting diodes 80a, 80b and the test paper 107 (i.e., the
length of the first and second light guide paths 67, 69 and
the main light guide path 35) is increased. As a result, it
makes possible to easily provide auxiliary functions, such
as the tip ejecting mechanism such as the ejecting mem-
ber 24, in the empty space.

2. Operation of component measuring device

[0068] The blood glucose measuring device 1 can be
used in the following manner, for example. Incidentally,
the tip 100 is previously mounted on the mounting portion
30 of the blood glucose measuring device 1. First, the
blood of the user is collected by the tip 100. To be specific,
a fingertip of the user is stuck by using a dedicated punc-
ture device so that a slight amount (about 0.3 to 1.5pL,
for example) of blood is flowed out from the stuck point
onto the skin surface. The tip end of the nozzle portion
102 of the tip 100 mounted on the tip end of the blood
glucose measuring device 1 is abutted to the lump of the
blood flowed onto the fingertip.
[0069] By this operation, the blood on the fingertip en-
ters the collecting hole 104 through the recessed groove
102a. The blood having entered the collecting hole 104
is sucked and flows in the inside thereof by the capillary
action, so that the blood reaches the central portion of
the test paper 107 housed in the engaging portion 103.
The blood reached the test paper 107 infiltrates from the
surface into the interior of the test paper 107, and spreads
radially outward. While the blood is spreading, reaction
between the glucose in the blood and chromogenic rea-
gents carried on the test paper 107 is caused, so that the
test paper 107 develops a color depending on the amount
of the glucose.
[0070] Next, as shown in FIG. 7, the light of the first
light-emitting diode 80a or the light of the second light-
emitting diode 80b is radiated onto the test paper 107.
In other words, the light emitted from the first light-emit-
ting diode 80a passes through the first diaphragm portion
66 where the shape and diameter of the irradiation spot
of the light is adjusted, and then the light passes through
the first light guide path 67 to enter the first lens portion
53a of the condensing lens 53. Further, the light incident

on the first lens portion 53a is condensed by the first lens
portion 53a, and passes through the main light guide path
35 so as to be radiated onto the test paper 107.
[0071] Incidentally, the light emitted from the second
light-emitting diode 80b passes through the second dia-
phragm portion 68 and the second light guide path 69 to
enter the second lens portion 53b. Further, the light inci-
dent on the second lens portion 53b is condensed by the
second lens portion 53a, and passes through the main
light guide path 35 so as to be radiated onto the test paper
107.
[0072] Here, the first illumination axis L1 passing
through the centers of both the first diaphragm portion
66 and the first lens portion 53a and the second illumi-
nation axis L2 passing through the centers of both the
second diaphragm portion 68 and the second lens portion
53b intersect with each other at the test paper 107. Thus,
the light emitted from the first light-emitting diode 80a
and the light emitted from the second light-emitting diode
80b are both radiated at substantially the same point of
the test paper 107.
[0073] Further, the position of the photographic subject
(object) of the first lens portion 53a is set in the first dia-
phragm portion 66. Similarly, the position of the photo-
graphic subject (object) of the second lens portion 53b
is set in the second diaphragm portion 68. Thus, the light
narrowed by first diaphragm portion 66 or the second
diaphragm portion 68 is projected onto the test paper
107. Thus, it is possible to adjust the shape and diameter
of the irradiation spot projected onto the test paper 107
by adjusting the shape and diameter of both the first di-
aphragm portion 66 and the second diaphragm portion
68.
[0074] Since it is possible to adjust the shape and di-
ameter of the irradiation spot projected onto the test pa-
per 107, it is possible to reduce the diameter of the irra-
diation spot so as for the light-receiving element 44 to
detect only the most necessary signal and reduce un-
necessary noise. As a result, since the noise can be re-
duced, it is possible to improve the measurement accu-
racy.
[0075] Further, even there is some individual variation
in directionality of the light-emitting diodes 80a, 80b, the
position of the irradiation spot can be fixed by providing
the diaphragm portions 66, 68. Thus, the measurement
error between the different devices caused by individual
variation of the directionality of the light-emitting diodes
80a, 80b can be suppressed to minimal level.
[0076] Next, as shown in FIG. 6, the light emitted from
the first light-emitting diode 80a or the second light-emit-
ting diode 80b is reflected by the test paper 107 and pass-
es through the light-receiving path 36. Further, the light
L5 having passed through the light-receiving path 36
reaches the light-receiving element 44 where the quantity
of light is measured. Thereby it is possible to measure
the color of the test paper 107 so as to measure the de-
gree of coloration, so that the blood glucose level can be
obtained.
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[0077] In the case where the tip 100 is to be ejected
from the mounting portion 30 after measurement, the us-
er may, for example, grasp the trunk portion 9 and put
his (or her) thumb on the depression of the ejecting op-
erator 18. Further, the user may press the ejecting oper-
ator 18 toward the front side to slide the ejecting member
24 forward. At this time, from the state of FIGS. 2 and 3,
when pressing the ejecting operator 18 forward, the eject-
ing member 24 integral with the ejecting operator 18 will
be moved by the same distance. As a result, as shown
in FIG. 7, a pair of tip ends of the ejecting portion 46
arranged on the tip end of the ejecting member 24 will
press the end portion of the engagement claw 105 of the
tip 100 forward, so that the tip 100 is dismounted from
the mounting portion 30. Thus, it is possible to discard
the tip 100 into a waste container or the like.
[0078] In such case, in the state where the blood glu-
cose measuring device 1 has been held by one hand,
the user who operates the blood glucose measuring de-
vice 1 can easily separate the tip 100 from the blood
glucose measuring device 1 and discard the tip 100 by
one-handed operation. Further, the case 2 is provided
with the curved portion 16, and the ejecting operator 18
is arranged on the convex side of the curved portion 16.
Furthermore, since the mounting portion 30 is arranged
on the tip end of the curved portion 16, the tip 100 is
expelled in the moving direction of the ejecting operator
18. Thus, it is possible to aim a desired ejecting direction,
and therefore it is possible to eject the tip 100 into the
waste container with simplicity and reliability. Thus, it is
possible to dispose the tip 100 in a safe, simple and quick
manner without touching the tip 100 by hand.
[0079] Next, illuminance distribution of the light radiat-
ed onto the test paper of the blood glucose measuring
device 1 of the present embodiment which is provided
with the diaphragm portions and illuminance distribution
of the light radiated onto the test paper of a blood glucose
measuring device which is not provided with the dia-
phragm portions will be described below with reference
to FIG. 10.
FIG. 10 is a graph showing the illuminance distribution
of the blood glucose measuring device according to the
present embodiment and the illuminance distribution of
a blood glucose measuring device having no diaphragm
portion. In FIG. 10, the vertical axis represents light quan-
tity, and the horizontal axis represents the distance (mm)
from the center of the irradiation spot projected onto the
test paper 107.
[0080] It is known from FIG. 10 that, in the illuminance
of the blood glucose measuring device having no dia-
phragm indicated by solid line A, the irradiation spot of
light spreads to the points 2 mm away from the center.
Thus, amount of data detected by the light-receiving el-
ement 44 becomes large, so that even unnecessary
noise has been detected. Further, the more different of
the graph shape of the illuminance distribution from a
rectangle, the larger difference in spatial resolution of the
light will be caused. As a result, in a conventional blood

glucose measuring device having no diaphragm, since
a large amount of noise has been detected and since
difference in measurement area becomes large, the
measurement accuracy is impaired.
[0081] In contrast, it is known from FIG. 10 that, in the
illuminance of the blood glucose measuring device of the
present embodiment provided with the diaphragm por-
tions indicated by broken line B, the diameter of the irra-
diation spot is smaller and the shape of the illuminance
distribution is more close to a rectangle compared with
the blood glucose measuring device provided with no
diaphragm portion. Thus, unnecessary increasing of the
amount of data detected by the light-receiving element
44 is suppressed, so that difference in spatial resolution
can be suppressed. As a result, it is possible to reduce
noise detected by the light-receiving element 44; and fur-
ther, since the difference in measurement area can be
reduced, it is possible to improve the measurement ac-
curacy.
[0082] It is to be understood that the present invention
is not limited to the embodiment described above and
shown in the attached drawings, and various modifica-
tions can be made without departing from the spirit and
scope of the present invention.
[0083] Incidentally, although the aforesaid embodi-
ment is described based on an example in which the
liquid-to-be-measured is blood, the present invention is
not limited such example. For example, the liquid-to-be-
measured may also be a body fluid other than blood such
as lymph, spinal fluid, saliva or the like; or various other
liquids such as drainage water, industrial water or the like.
[0084] Further, although the aforesaid embodiment is
described based on an example in which the target com-
ponent to be measured in the body fluid (the blood) is
glucose (blood glucose level), the present invention is
not limited such example. For example, the target com-
ponent to be measured may also be cholesterol, uric acid,
creatinine, lactic acid, hemoglobin (occult blood), various
alcohols, various saccharides, various proteins, various
vitamins, various inorganic ions such as sodium ion and
the like, and environmental hormones (endocrine dis-
rupters) such as PCB, dioxin and the like. Furthermore,
although the aforesaid embodiment is described based
on an example in which the quantity of the specified com-
ponent is measured, the present invention may also be
applied to measure the quality of the specified compo-
nent, or measure both the quantity and the quality of the
specified component.
[0085] Incidentally, although the aforesaid embodi-
ment is described based on an example in which the
ejecting portion of the ejecting member is configured by
two arc-like portions facing each other, the ejecting por-
tion of the ejecting member may also configured by a
combination of three or more portions. Further, the shape
of these portions may also have a U-shape, a L-shape,
instead of having an arc-like shape.
[0086] Further, although the aforesaid embodiment is
described based on an example in which the two light-

15 16 



EP 2 439 518 A1

10

5

10

15

20

25

30

35

40

45

50

55

emitting diodes used as the light source are arranged in
parallel on the same surface of the substantially plate-
like substrate, the two light-emitting diodes may also
each be arranged at a tilt so that the optical axis and the
illumination axis thereof coincide with each other. Inci-
dentally, although the aforesaid embodiment is de-
scribed based on an example in which the light-emitting
diodes (LED) are used as the light source, various other
light emitters such as laser diode or the like may also be
used as the light source.

Explanation of Reference Numerals

[0087]

1 blood glucose measuring device (compo-
nent measuring device)

2 case

4 measuring section

7 upper case

8 lower case

9 trunk portion

18 ejecting operator

21 ring case

21a fixing portion

21b cylindrical shaft portion

21c end face portion

21d rib

22 inner ring

22a cylindrical portion

23 photometric block

24 ejecting member

26 light-path block

27 photometric substrate

28 substrate-pressing bracket

30 mounting portion

35 main light guide path

36 light-receiving path

37 housing portion

38 fitting-in portion

39 glass

41 rubber gasket

44 light-receiving element

44a light-receiving section

44b wire

46 ejecting portion

51 first light-path block

51a, 51a base portions

51b, 51b flange portions

52 second light-path block

53 condensing lens

53a first lens portion

53b second lens portion

66 first diaphragm portion

67 first light guide path

68 second diaphragm portion

69 second light guide path

71 first fitting portion

72 second fitting portion

73 first fitting-receiving portion

74 second fitting-receiving portion

76 attachment portion

76a attachment holes

80a first light-emitting diode (light source)

80b second light-emitting diode (light source)

100 tip
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104 collecting hole

107 test paper

L1 first illumination axis

L2 second illumination axis

L3, L4 optical axes

Claims

1. A component measuring device comprising:

a mounting portion on which a tip having a test
paper attached thereto is mounted, the test pa-
per being impregnated with a liquid;
a light source adapted to emit light having a
specified wavelength;
a condensing lens where the light emitted from
the light source enters and which condenses the
light on the test paper;
a light-path block including a diaphram portion
arranged between the condensing lens and the
light source, at the position of a photographic
subject (object) of the condensing lens; and
a light-receiving element adapted to receive the
light reflected from the test paper.

2. The component measuring device according to
claim 1,
wherein the light source is configured by a first light
source having a first wavelength, and a second light
source having a second wavelength different from
the first wavelength,
wherein the diaphragm portion includes a first dia-
phragm portion through which the light from the first
light source is passed, and a second diaphragm por-
tion through which the light from the second light
source is passed, and
wherein the condensing lens includes a first con-
densing lens through which the light from the first
light source transmits, and a second condensing lens
through which the light from the second light source
transmits.

3. The component measuring device according to
claim 2, wherein the light emitted from the first light
source and the light emitted from the second light
source are radiated onto substantially the same po-
sition on the test paper.

4. The component measuring device according to
claim 2 or 3,
wherein the first light source and the second light
source are arranged in parallel on the same surface
of a substantially plate-like substrate,

wherein a first illumination axis passing through the
centers of both the first diaphragm portion and the
first lens portion is tilted with respect to a first optical
axis of the first light source, and
wherein a second illumination axis passing through
the centers of both the second diaphragm portion
and the second lens portion is tilted with respect to
a second optical axis of the second light source.

5. The component measuring device according to any
one of claims 1 to 4, wherein the condensing lens is
integrally attached to the light-path block
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