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ABSTRACT

An optical sensor for measuring the volume of an object,
the object having a top and a silde. The optical sensor com-
prises a source of light and a light sensor adapted to measure
the amount of light reflected off the side and off the top of
the object, wherein the measured amount of the light reflected
off the side and the top of the object correlates to a height
and a diameter of the object. At least one optical device 1s
adapted to direct light reflected off the side of the object
to the 1light sensor, and at least one optical device 1s
adapted to direct light reflected off the top of the object to
the light sensor.
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OPTICAL VOLUME SENSOR

Field of the Invention

The present 1nvention relates generally to volume meas-

urement devices, and, more particularly, to an optical volume

P

sensor for measuring the volume of a drop of blood.

Background of the Invention

It 1s often necessary to quickly and inexpensively meas-

ure the volume of an object. One example of a need for volume
measurement 1s 1n connection with a blood glucose monitoring

system where 1t may be necessary to measure the wvolume of a
drop of blood.

Those who have i1irregular blood glucose concentration lev-
els are medically required to regularly self-monitor their
blood glucose concentration level. An irregular blood glucose

level can be brought on by a variety of reasons including 1i1l1-

ness such as diabetes. The purpose of monitoring the blood
glucose concentration level 1s to determine the blood glucose
concentration level and then to take corrective action, based
upon whether the level 1s too high or too low, to bring the
level back within a normal range. The failure to take correc-
tive action can have serious implications. When blood glucose
levels drop too low - a condition known as hypoglycemia - a
person can become nervous, shaky, and confused. That person's

Judgment may become 1impaired and that person may eventually

pass out. A person can also become very 111 1if their blood
glucose level becomes too high - a condition known as hyper-
glycemia. Both conditions, hypoglycemia and hyperglycemia,

are both potentially life-threatening emergencies.

One method of monitoring a person's blood glucose level

1s with a portable, hand-held blood glucose testing device. A
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prior art blood glucose testing device 100 is illustrated in

F

FIG. 1. The portable nature of these devices 100 enables the

users to convenliently test their blood glucose levels wherever
the user may be. The glucose testing device containsgs a test
sensor 102 to harvest the blood for analysis. The device 100
contains a switch 104 to activate the device 100 and a display

106 to display the blood glucose analysis results. In order

to check the blood glucose level, a drop of blood is obtained

from the fingertip using a lancing device. A prior art lanc-
1ng device 120 1s illustrated in FIG. 2. The lancing device
120 contains a needle lance 122 to puncture the skin. Some

lancing devices 1implement a vacuum to facilitate the drawing

of blood. Once the requisite amount of blood is produced on

the fingertip, the blood is harvested using the test sensor
102. The test sensor 102, which is inserted into a testing
unit 100, 1is brought into contact with the blood drop. The
Cest sensor 102 draws the blood to the inside of the test unit
100 which then determines the concentration of glucose in the
blood. Once the results of the test are displayed on the dis-
play 106 of the test unit 100, the test sensor 102 is dis-

carded. Each new test requires a new test gsensor 102.

One problem associated with some lancing devices is that

the requisite amount of blood for accurate test results is not
always obtained. Roughly thirty percent of lances to do not
produce enough blood for accurate analysis. The amount of
blood obtained from each lance varies between zero and ten mi-

r
o

croliters ("wul"). For an accurate result, at least two ul of

plood must be obtained. If less than this amount is produced,
the test results may be erroneous and a test sensor is wasted.
More serious an issue, however, is that the user may be rely-
1ng on 1naccurate results. Obviously, because of the serious
nature of the medical 1issues involved, erroneous results are

not preferred.

Another problem associated with conventional lancing de-

vices 1s that there 1s no mechanism to let the user know
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whether the correct amount of blood has been obtained for ac-
curate analysis. Typically, the test units come with instruc-
tions containing a graphical illustration of the actual sgize
of the blood drop required for accurate testing. However,

this visual comparison is subjective and often produces incon-

sistent results. To 1nsure the requisite amount of blood is

produced, users often overcompensate by squeezing or otherwise

manipulating their fingers to produce larger than necessary

drops of blood. However, this adds more time to the overall

testing process and also results 1in an increased amount of
wasted blood.

The 1nconsistent results produced by conventional lances
has 1mpeded the 1integration of the landing device, the har-
vesting device, and the blood glucose analysis device into a

single unit. Because the analysis may begin even though the

requisite amount of blood has not been obtained, it appears
problematic to combine the lancing with the actual harvesting

due to the potentially inaccurate results.

Summary of the Invention

According to one embodiment of the present invention,

there 1s an optical sensor for determining the volume of an

object. One application of the optical sensor is for use in
an blood glucose monitoring system which integrates the lanc-

ing device, the harvesting device, and the blood glucose

analysls device 1into a single unit. In accordance with the

P
p—

present 1nvention, the optical sensor comprises a source o

light and a light sensor adapted to measure an amount of light

reflected off the side and off the top of a drop of blood,

wherein the measured amount of the light reflected off the

side and the top correlates to a height and a diameter of the

blood drop. At least one optical device is adapted to direct
light reflected off the side of the object to the light detec-

tor, and at least one optical device is adapted to direct




CA 02330367 2001-01-05

light reflected off the top of the object to the light detec-

Coxr.

The above summary of the present invention 1s not in-

tended to represent each embodiment, or every aspect, of the
present 1nvention. Additional features and benefits of the

present 1nvention will become apparent from the detailed de-

scription, figures, and claims set forth below.

Brief Description of the Drawings

Other objects and advantages of the invention will become

apparent upon reading the following detailed description in

conjunction with the drawings in which:

FIG. 1 1s a top view of a prior art blood glucose testing

device;
FIG. 2 1s a top view of a prior art lance;
FIG. 3 1s an optical design for a optical volume sensor

wherein light ray traces are shown illuminating a blood drop

according to one embodiment of the present invention;

FIG. 4 1s an optical design for an optical volume sensor

wherein light ray traces are shown reflected off a blood drop

according to one embodiment of the present invention;

FIG. 5 1s a plot of the intensity distribution of the

——

light reflected off the side and off the top of a blood drop

according to one embodiment of the present invention;

FIG. 6 1s a plot of the modeled volume measurements of an

optical volume sensor versus the actual modeled volumes ac-

cording to one embodiment of the present invention:
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FIG. 7 1s an optical design for an optical volume sensor

wherein light ray traces are shown reflected off a blood drop

pl—

according to an alternative embodiment of the present inven-

tion; and

e

FIG. 8 1s a perspective view of an integrated glucose

monitoring device according to one embodiment of the present

invention.

Detailed Description of the Preferred Embodiments

Referring now to FIG. 3, a design for an embodiment of an
optical volume sensor 200 1s shown. The volume of a drop of

blood 202 1s determined by illuminating the blood drop 202 and

'

measuring the amount of light reflected off one side 204 o:

F

the blood drop and off a top 206 of the blood drop 202. The

plood drop 202 1s 1lluminated by reflecting light from a light
source 208 through a serilies of 1maging optics, along light
paths 210, 212 onto the side 204 and the top 206 of the blood
drop 202. The light directed along the light path 210 illumi-
nated the side 204 of the blood drop 202. The light directed
along the light path 212 illuminates the top 206 of the blood

drop 202. The side 1llumination light path 210 has edges
210a, 210b and the top illumination light path 212 has edges
212a, 212Db.

The source of light 208 has a wavelength of about 800 na-

nometers ("nm"). A source of light having a wavelength
greater than 750 nm 1s desirable to avoid significant wvaria-
tion 1in blood and skin reflectance seen at visible wavelengths

gp—

from 450 to 750 nm. Utilizing a source of light 208 having a

wavelength greater than 750 nm results in a more consistent
amount of light reflected off the blood drop 202. The 1light
source 208 1s an 1ncandescent light source but can also be one

Dg") .

L

or more light emitting diodes ("L:
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Light emitted from the light source 208 is reflected off

a beam splitter 214 down through a side view lens 216 and a

top view lens 218. In one embodiment of the present inven-

tion, the beam splitter 214 1is a fifty percent beam splitter

214 causing approximately half of the incoming light to be
transmitted through the beam splitter 214 and the remaining

R

approximately half of the incoming light to be reflected by

the beam splitter towards the side view lens 216 and the top

view lens 218. Thus, 1n FIG. 3, half of the light incoming

from the source of light 208 passes through the beam splitter
214 and the other half of the light is reflected downward

along the side 1llumination light path 210 and the top illumi-
nation light path 212. The light transmitted through the beam

splitter 214 1s labeled with reference number 220.

The light reflected by the beam splitter 214 that is di-
rected along the side 1llumination 1light path 210 passes

through the side view lens 216 to a mirror 222 which directs
the light onto the side 204 of the blood drop 202. The side
view lens 216 expands the light so that the light when di-

P
p—

rected off the mirror 222 over-illuminates the blood drop 204

causing some of the light to be cast upon a white surface 238

disposed adjacent to the blood drop 202.

The light reflected by the beam splitter 214 that is di-
rected along the top illumination light path 212 passes
through the top view lens 218 and a wedge lens 224 onto the
blood drop 202. The wedge lens 224 directs the light onto the
top 206 of the blood drop 202. Similar to the side view lens
216, the top view lens 218 expands the light so that the light

when directed through the wedge lens 224 over-illuminates the

blood drop 202 causing some of the light to be cast upon an

area of skin 236 upon which the blood drop has formed.

When the light comes into contact with the blood drop 202
a portion of that light is absorbed by the blood drop 202
while a portion of the light is reflected off the blood drop
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202. Accordingly, the light reflected off the blood drop 202
1s less 1intense than the 1light 1illuminating the blood drop
202. The 1light not coming into contact with the blood drop

202 due to over-illumination 18 reflected off the skin 236 and

off the white surface 238. The white gsurface 238 has reflec-
tance propertiles similar to the skin 238. Both the skin 236

and the white surface 238 are more reflective than the blood

drop 202. Due to the absorption by the blood drop 202, the
light reflected off the blood drop 202 1is less 1intense than
the light reflected off the skin 236 and the white sgsurface

- "
=

fitteen percent

238. The blood drop 202 absorbs approximately

more light than the skin 236 and the white surface 238.

Therefore, the light reflected off the blood drop 202 is ap-
proximately fifteen percent less intense than the light re-

tflected off the gkin 236 and the white surface 238. It 1s

this amount of the less-intense light reflected off the blood
drop 202 which 1s indicative of the height and the diameter of
the blood drop 202.

D

Referring now to FIG. 4, the light paths 230, 232 of the
light reflected off the side 204 and off the top 206 of the

blood drop 202, respectively, are 1illustrated. The side re-
flected light path 230 has edges 230a, 230b and the top re-
flected light path 232 has edges 232a, 232b. The light re-
flected off the side 204 and off the top 206 of the blood drop
202 1s directed along the side reflected 1light path 230 and

the top reflected light path 232, respectively, to a light
sensor 234. The side reflected light path 230 has edges 230a,
230b and the top reflected light path has edges 232a, 232b.

The light reflected off the side 204 of the blood drop

202 and off the white surface 238 is directed by the mirror
222 back through the side view lens 216. The side view lens
216 brings the side reflected light into focus and images the
side reflected light onto the light sensor 234. The side view

lens 216 also prevents any scattering of the light directed

along the side reflected 1light path 230. In an alternative
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embodiment of the present 1nvention, the side view lens 216

can be excluded.

The light reflected off the top 206 of the blood drop 202
and off the skin 236 1s dilrected by the wedge lens 224 through
the top view lens 218 onto the light sensor 234. The function

”

of the top view lens 218 1s similar to the side view lens 216

in that 1t brings the top reflected light 1into focus and im-
ages the top reflected light onto the light sensor 234. The

top view lens 218 also prevents any scattering of the top re-

flected light. In an alternative embodiment of the present

invention, the side view lens 218 can be excluded.

The light directed along the side and top reflected light
paths 230, 232 1s transmitted through the beam splitter 214 to
the light sensor 234. The beam splitter 214 transmits a por-
tion of the reflected light to the light sensor 234, while re-

flecting a portion of the 1light. In the embodiment wherein

the beam splitter 214 1s a fifty percent beam splitter, about

half of the reflected light 1s transmitted to the light sensor
234 .

The 1light sensor 234 measures the 1ntensity of the re-

flected light and communicates this information to a processor

#

(not shown). The light reflected off the blood drop 202, the

skin 236, and the white surface 238 as well as any external
light will be detected by the light sensor 234. The intensi-
ties of the light reflected off the blood drop 202, the skin

p—

236, and the white surface 238 are a function of the intensity

—

of the light source 208 and the absorptivity of the blood 202,

the skin 236, and the white surface 238. Preferably, there 1is

significant contrast between the light reflected off the blood

drop 202 and the light reflected off the skin 236 and/or the

white surface 238 due to the gkin 236 and the white surface

238 being more reflective than the blood drop 202. Specifi-
cally, 1n the embodiment of the optical volume sensor 200

wherein the light source 234 is an approximately 800 nm light
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source, the light reflected off the blood drop 202 is approxi-

mately fifteen percent less intense than the light reflected

off the skin 236 and the white surface 238. Any external

light detected by the sensor 234 is expected to have an inten-

P

sity much less than the light reflected off the blood drop

202, the skin 236, and the white surface 238. The light fal-

ling within the expected range of 1light reflected off the

blood drop 202 will be 1indicative of the height and diameter
of the blood drop 202.

In the present 1nvention, the light sensor 234 1s a 1 X

128 pixel line array light detector. Fach pixel of the 1line
array light detector 1individually measures the intensity of
light. In operation, the two light paths 230, 232 are di-
rected onto the line array light detector 234. Both 1light

paths 230, 232 will contain light reflected off the blood drop

202 along with light reflected off the skin 236 or the white
surface 238 on eilither side. Accordingly, the less intense

light (reflected off the blood drop 202) is surrounded by the

1)

P

more 1ntense 1light (reflected off the skin 236 and the white

surface 238). The width of the less intense light that is re-

flected off the side 204 and off the top 206 of the blood drop

202 1s indicative of the height and diameter of the blood drop
202, respectively. Each pixel correlates to a fixed distance.
Accordingly, the more pixels which detect light having an in-

gr—
p—

tensity of light reflected off the blood drop 202, the larger

the blood drop 202 1is. In the embodiment of the optical vol-

ume sensor 200 1llustrated in FIGS. 3 and 4, the spatial reso-

lution for one pixel viewing the blood drop is 25 micrometers

("um") for the height and 50 um for the diameter. For exam-

ple, 1f thirty pixels detect light reflected off the side 204
of the blood drop 202, the blood drop 202 has a height of ap-

proximately 750 um or 0.75 millimeters ("mm"), and if 60 pix-

els detect light reflected off the top 206 of the blood drop
202, the blood drop 202 has a diameter of 3000 um or 3 mm.
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The design for the optical volume sensor shown in FIGS. 3

and 4 was modeled with LightTools software, manufactured by

Optical Research Associates 1located 1in Pasadena, California.

The blood drop 202 was modeled as a spherical lambertian. The

light source 208 was modeled as a 800 nm light source.

FIG. 5 shows the intensity distribution of a two ul blood

drop on the line array detector. The side view (blood drop
height) 1s shown on the left-hand side of the plot and the top
view (blood drop diameter) 1s shown on the right-hand side of
the plot. The drop 1in intensity on both the left and right
side of the plot correlates to the less intense light re-
flected off the side 204 and off the top 206 of the blood drop

202. The magnitude of each drop in intensity represents the

difference 1n intensities between the light reflected off the
blood drop 202 and the light reflected off the skin 236 or the

white surface 238.

P

Once the height and diameter of the blood drop are deter-

mined, the approximate volume of the blood drop 202 is calcu-

lated using the following algorithm:

1
- (Height) x (Diameter)®

2

Volume

Under the above example where the height is 0.75 mm and the

diameter 1s 3 mm the volume of the blood drop is approximately

3.4 ul.

Using the above algorithm, the optical volume sensor was

also modeled with LightTools software for a number of blood
drops having volumes ranging from 0.5 to 4.5 ul. FIG. 6 is a

plot of the volumes calculated using the above algorithm ver-

sus the actual modeled blood drop volumes. FIG. 6 shows that

the modeled optical volume sensor was able to determine the
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blood volume with good correlation to the actual modeled vol-

ume .

An alternative embodiment of the optical wvolume sensor

200 1s 1i1llustrated in FIG. 7. In the embodiment illustrated

in FIG. 7, the light source 208 1is disposed above the blood

drop 202. Disposing the 1light source 208 obviates the need

for the beam splitter 208 (FIGS. 3 and 4) because it is not

necessary to reflect the 1lluminating light (FIG. 3) or to
transmit the reflected light (FIG. 4).

Referring now to FIG. 8, one application of the present

invention 1s in an integrated blood glucose monitoring system

300 which 1ntegrates a lance 302, a test sensor 304 for blood
harvesting, and a blood glucose analyzer into a single instru-
ment. The lance 302 comprises a needle which is used to punc-
ture a user's skin 1n order to obtain a drop of blood. The

test sensor 304 1s used to harvest the blood drop from the

user's fingertip for analysis. The blood glucose monitoring

system 300 1s activated with a switch 306. After the user's

skin 1s lanced using the lancing component 302 of the system
300, the wvolume of the blood on the user's sgkin is measured

with an optical volume sensor 300 (FIGS. 3 and 4) to insure

the requisite amount of blood is obtained before analysis be-

gins. Once a sufficient amount of blood has been obtained,

the test sensor 304 harvests the blood so that the blood glu-
cose level may be analyzed. The results of the analysis are

communicated to the user via a display 308.

While the 1nvention 1is susceptible to various modifica-

F

tions and alternative forms, specific embodiments thereof have

been shown by way of example in the drawings and will be de-

scribed 1n detail herein. It should be understood, however,
that 1t 1s not intended to limit the invention to the particu-

lar forms disclosed, but, to the contrary, the intention is to

cover all modifications, equivalents and alternatives falling
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within the spirit and scope of the invention as defined by the

appended claims.
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CLAIMS:
1. An optical sensor for measuring the volume of an object
comprising:

a source of light adapted to illuminate a side and a top

—

of the object;

a light sensor adapted to measure an amount of light re-

flected off the side and off the top of the object; and

means for directing light reflected off the side and the

P

top of the object to the light sensor, wherein the amount

P

of light reflected off the side and the top of the object

correlates to a height and a transverse dimension of the

object.

2 . The optical sensor of Claim 1 wherein the light has a

wavelength greater than about 750 nanometers.

3. The optical sensor of Claim 2 wherein the wavelength is

about 800 nanometers.

4. The optical sensor of Claim 1 wherein the source of 1light

source comprises an incandescent light.

5. The optical sensor of Claim 1 wherein the source of light

source comprises a plurality of light emitting diodes.

6. The optical sensor of Claim 1 wherein the means for di-

recting comprises a mirror being adapted to direct light re-

flected off the side of the object to the light sensor.

7 . The optical sensor of Claim 6 wherein the means for di-

mirror and the light detector, the first lens belng adapted to
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1mage the reflected light directed from the mirror onto the

light sensor.

8 . The optical sensor of Claim 1 wherein the means for di-

recting light comprises a second lens being adapted to direct

light reflected off the top of the object to the light sensor.

9. The optical sensor of Claim 8 wherein the second lens is

a wedge lens.

10. The optical sensor of Claim 8 wherein the means for dj-
recting light reflected further comprises a third lens dis-
posed between the second lens and the light sgensor, the third
lens being adapted to image the reflected light directed from

the second lens onto the light sensor.

11. The optical sensor of Claim 1 wherein the means for di-

recting light comprises:

a mlrror being adapted to direct light reflected of

|
Fh

of

the side of the object to the light sensor:

a first lens disposed between the mirror and the light

detector, the first lens being adapted to image the re-

flected light directed from the mirror onto the light

Sensor;

H
h

a second lens being adapted to direct light reflected o:

the top of the object to the light sensor: and

a third lens disposed between the second lens and the
light sensor, the third lens being adapted to 1mage the

reflected light directed from the second lens onto the

light sensor.

12. The optical sensor of Claim 11 wherein the second lens is

a wedge lens.
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13. The optical sensor of Claim 1 wherein the light sensor

comprises a 1 by 128 pixel line array light detector.

14. The optical sensor of Claim 1 wherein the object is gen-

erally semi-spherical in shape.

15. The optical sensor of Claim 1 further comprising a white

surface disposed adjacent to the object, the white surface be-

1ng significantly more reflective than the object.

16. The optical sensor of Claim 1 wherein the object is a
drop of blood.

17. The optical sensor of Claim 16 in combination with =a

lance being adapted to puncture skin and to draw a drop of

pblood and a sensor being adapted to determine the concentra-

tion of glucose in the drop of blood.

P

18. An optical sensor for measuring the volume of an object

comprising:

a source of light adapted to illuminate a side and a top
of the object;

a light sensor adapted to measure an amount of light re-

flected off the side and off the top of the object;

at least one optical device being adapted to direct light

reflected off the side of the object to the light sensor,
wherein the amount of light reflected off the gside of the

object correlates to a height of the object; and

at least one optical device being adapted to direct l1ght

reflected off the top of the object to the light sensor,

whereln the amount of light reflected off the top of the

P

object correlates to a diameter of the object.
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19. The optical sensor of Claim 18 wherein the light has a

wavelength greater than about 750 nanometers.

20. The optical sensor of Claim 19 wherein the wavelength 1is

about 800 nanometers.

]

21. The optical sensor of Claim 18 wherein the source of

light source comprises an incandescent light.

22. The optical sensor of Claim 18 wherein the source of

light source comprises a plurality of light emlitting diodes.

A

23. The optical sensor of Claim 18 wherein the at least one

optical device being adapted to direct light reflected off the

side of the object to the light sensor comprlses a mirror.

24. The optical sensor of Claim 18 wherein the at least one

optical device being adapted to direct light reflected off the

side of the object to the light sensor further comprises:

a mirror adapted to direct the light reflected off the
side of the object; and

a filrst lens adapted to image the reflected light di-

rected from the mirror onto the light sensor.

25. The optical sensor of Claim 18 wherein the at least one

optical device being adapted to direct light reflected off the

_

top of the object to the light sensor comprises a second lens.

26. The optical sensor of Claim 25 wherein the second lens is

a wedge lens.

s

27. The optical sensor of Claim 18 wherein the at least one

optical device being adapted to direct light reflected off the

top of the object to the light detector further comprilises:
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R
A

a second lens adapted to direct the light reflected of;
the top of the object; and

a third lens adapted to image the light directed from the

second lens onto the light sensor.

28. The optical sensor of Claim 27 wherein the second lens is

a wedge lens.

29. The optical sensor of Claim 18 wherein the light sensor

comprises a 1 by 128 pixel line array light detector.

30. The optical sensor of Claim 18 further comprising a white
surface disposed adjacent to the object, the white surface be-

1ng significantly more reflective than the object.
31. An optilcal sensor for measuring the volume of an object,
the object having a side and a top, the optlcal sensor com-

prising:

a source of light being adapted to illuminate the side

and the top of the object;

p—
p—

a light sensor being adapted to measure an amount o

light reflected off the side and off the Cop of the ob-

ject;

a first optical device being adapted to reflect a portion

of the light from the source of light;

a second optical device being adapted to direct light re-

flected from the first optical device onto the side of

the object, the first optical device being adapted to di-

gr—

rect light reflected off the side of the object to the

light sensor, wherein the light reflected off the side of
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the object and directed to the light sensor correlates to
the height of the object; and

a third optical device being adapted to direct light re-

flected from the first optical device onto the top of the
object, the third optical device also being adapted to
direct light reflected off the top of the object to the
light sensor, wherein the amount of light reflected off

the top of the object and directed to the light sensor

correlates to a diameter of the object.

32. The optical sensor of Claim 31 wherein the first optical

device 1s a beam splitter.

33. The optical sensor of Claim 32 wherein the beam splitter

1s adapted to reflect about half of the light from the source

F

of light and to transmit about half of the light from the

1

source of light.

34. The optical sensor of Claim 31 wherein the second optical

device 18 a mirror.

35. The optical sensor of Claim 31 wherein the third optical

device 1s a wedge lens.

36. The optical sensor of Claim 31 further comprising a first

lens disposed between the second optical device and the light

detector, the first lens being adapted to 1mage the light di-

rected from the second optical device onto the light sensor.

37. The optical sensor of Claim 31 further comprising a sec-
ond lens disposed between the third optical device and the

light detector, the lens being adapted to image the light di-

rected from the second optical device onto the light sensor.

38. The optical sensor of Claim 31 wherein the light sensor

comprises a 1 by 128 pixel line array light detector.
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39. The optical sensor of Claim 31 wherein the object is gen-

erally semi-spherical in shape.

40. The optical sensor of Claim 31 wherein the object 1is a

drop of a liquid.

41. The optical sensor of Claim 40 wherein the liquid 1is
blood.
42. The optical sensor of Claim 41 in combination with a

lance being adapted to puncture skin and to draw a drop of
blood and a sensor being adapted to determine the concentra-

tion of glucose in the drop of blood.

43. The optical sensor of Claim 31 wherein the light has a

wavelength greater than about 750 nanometers.

44. The optical sensor of Claim 43 wherein the wavelength 1is

about 800 nanometers.

4>. A Dblood chemical monitoring system for monitoring the

concentration of a chemical in a drop of blood, the system

comprising:

i 1)

a lance adapted to puncture sgkin and to draw a drop O:

blood onto an area of skin:

a test sensor adapted to harvest the drop of blood;

a sensor adapted to determine the concentration of a

chemical in the drop of blood: and

1

an optical sensor for measuring the volume of the drop o:

blood including:
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a source of light adapted to illuminate the side and
the top of the drop of blood:

a light sensor adapted to measure an amount of light

reflected off the side and off the top o©of the ob-

ject;

at least one optical device being adapted to direct

light reflected off the side of the object to the

light sensor, wherein the amount of light reflected

off the side of the object correlates to a height of
the object; and

at least one optical device being adapted to direct

light reflected off the top of the object to the
light sensor, wherein the amount of Light reflected

off the top of the object correlates to a diameter
of the object.

46. The optical sensor of Claim 45 wherein the light has a

wavelength greater than about 750 nanometers.

47. The optical sensor of Claim 46 wherein the wavelength is

about 800 nanometers.

i

48. The optical sensor of Claim 45 wherein the source o

light source comprises an incandescent light.

49. The optical sensor of Claim 45 wherein the source of

light source comprises a plurality of light emitting diodes.

>0. The optical sensor of Claim 45 wherein the at least one

optical device being adapted to direct light reflected off the

side of the object to the light sensor comprises a mirror.
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>1. The optical sensor of Claim 45 wherein the at least

optical device being adapted to direct light reflected off

F

side of the object to the light sensor further comprises:

a mirror adapted to direct the light reflected

side of the object; and

of t

a first lens adapted to image the reflected light

rected from the mirror onto the light sensor.
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top of the object to the light sensor comprises a second lens.

>3. The optical sensor of Claim 52 wherein the second lens 1is

a wedge lens.

>4. The optical sensor of Claim 45 wherein the at least one
optical device being adapted to direct light reflected off the
top of the object to the light detector further comprises:
a second lens adapted to direct the light reflected off
the top of the object; and
a third lens adapted to image the light directed from the
second lens onto the light sensor.
>>. The optical sensor of Claim 54 wherein the second lens 18
a wedge lens.
56. The optical sensor of Claim 45 wherein the light sensor

comprises a 1 by 128 pixel line array light detector.

57. The optical sensor of Claim 45

b

‘urther comprising a white

surface disposed adjacent to the object, the white surface be-

ing significantly more reflective than the object.
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>8. A method of determining the volume of an object, the ob-

ject having a top and a side, the method comprising:

1lluminating the side and the Lop of the object with a

light from a light source;

directing light reflected off the side and off the top of

the object to a light sensor;

1

measuring the amount of light reflected off the side and

off the top of the object with the light sensor, wherein

the amount of light reflected off the side of the object
correlates to a height of the object and the amount of

light reflected off the top of the object correlates to a

dlameter of the object; and
calculating the volume of the object.

59. The method of Claim 58 wherein the object 1s generally

seml-spherical in shape.

60. The method of Claim 59 wherein the calculating the volume

of the object comprises dividing by two the product of the

h—

square of the height and the diameter.

61. The method of Claim 58 wherein 1lluminating the side and

the top of the object with a light from a light source further

COmprises:

simultaneously reflecting the light source off a beam

splitter to a first lens and a second lens;

directing the light through the first lens to a Mirror;

directing the light onto the side of the object with the

M1lYrror;



CA 02330367 2001-01-05

23

directing the 1light through the second lens to a wedge

lens; and

directing the light onto the Ctop of the object.

62. The method of Claim 61 wherein the beam splitter 1is

adapted to reflect about half of the light from the source of

light and to transmit about half of the light from the source
of light.

63. The method of Claim 58 wherein directing the 1light

through the first lens to a mirror further comprises expanding
the light with the first lens.

64. The method of Claim 58 wherein directing the 1light

through the second lens to a wedge lens further comprises ex-

panding the light with the second lens.

65. The method of Claim 58 wherein directing the light re-

flected off the side of the object further comprises:

directing the light reflected off the side of the object

to a first lens with a mirror; and

1maging the light reflected off the side of the object

onto the light sensor with the first lens.

66. The method of Claim 65 wherein imaging the 1light re-
flected off the side of the object onto the light sensor fur-
ther comprises transmitting the light through the beam split-

ter.

67. The method of Claim 58 wherein directing the 1light re-

flected off the top of the object further comprises:

directing the light reflected off the top o©of the object

Lo a second lens with a wedge lens; and
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imaging the light reflected off the top o©of the object

onto the light sensor with the second lens.

68. The method of Claim 67 wherein 1maging the 1light re-

flected off the top of the object onto the li1ght sensor fur-
ther comprises transmitting the light through the beam split-

ter.

69. The method of Claim 58 wherein the light source has a

wavelength greater than about 750 nanometers.

70. The method of Claim 69 wherein the wavelength is about

800 nanometers.

71. The method of Claim 69 wherein the light source comprises

an incandescent light.

72. The method of Claim 58 wherein the light source comprises

a plurality of light emitting diodes.

73. The method of Claim 58 wherein the light detector com-
prises a 1 by 128 pixel line array light detector.

/4. The method of Claim 58 wherein the object is a drop of

plood, the method further comprising:

drawing the drop of blood with a lance: and

determining the glucose concentration level in the blood

drop.




FIG. 1
(Prior Art)

CA 02330367 2001-01-05



FIG. 2
(Prior Art)

CA 02330367 2001-01-05



214
210a
2| ' 212a
210b
212b

| 1'1 218

216 11T "i 224

212

210 206

S s
222
‘\q 236

202

238

FIG. 3

CA 02330367 2001-01-05



200

[ 214
<- 232
I
x 218
|
i
| 224
216

222

230a 936

CA 02330367 2001-01-05



71.00

69.00

67.00

65.00

63.00

% Reflectance)

— 61.00

59.00

FIG. &

CA 02330367 2001-01-05



5.E-06
4.E-06 +— ——— <

4.E-06 - -

3.E-06 +—— ———— ———

3.E-06 1— - -
2.E-06 o ——

2.E-06
1.E-06

5.£-07 r i
0.E+00 +* s r

0.E+00C 1.E-06 2.E-06 3.E-06 4.£-06 5.E-06
(Liters)

(Liters)

FIG. 6

CA 02330367 2001-01-05



200

230

232
218

224

216
222
2302 236
FIG. 7

CA 02330367 2001-01-05



300

308
% 306
02 (.
ﬂ'/s
304
FIG. 8

CA 02330367 2001-01-05



T WA A AN AR Ansdes e s e ke —

208~ [ ——— -

________ 2 20
214
A2 2122
T = 212
218
216~

222




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - abstract drawing

