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APPARATUS AND METHOD FOR DETERMINING
BLOOD SUGAR LEVEL WITHOUT BLOOD USING
DARK ADAPTATION OF OPTIC NERVE, AND
COMPUTER READABLE RECORDING MEDIUM
STORING COMPUTER PROGRAM PERFORMING
THE METHOD

BACKGROUND OF THE INVENTION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2005-0007239, filed on Jan. 26,
2003, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

[0002]

[0003] The present invention relates to the determination
of blood sugar level, and more particularly, to an apparatus
and a method for determining blood sugar level without
blood using dark adaptation of the optic nerve, based on the
fact that the threshold intensity with respect to time corre-
lates with blood sugar level under a condition of blockage of
external light, and a computer readable recording medium
storing a computer program performing the method.

[0004] 2. Description of the Related Art

[0005] A conventional apparatus for determining blood
sugar level draws blood to make its measurement. Although
an ordinary person can easily use the apparatus in their
home, it is troublesome to draw blood for every measure-
ment, and to sterilize the apparatus to prevent infection. In
addition, the conventional apparatus for determining blood
sugar level is unsanitary in its use of a needle for drawing
blood.

[0006] To solve these problems, a technology of deter-
mining blood sugar level without blood has been proposed,
using the fact that the threshold intensity over time corre-
lates with the blood sugar level under a condition of block-
age of external light. The threshold intensity is the lowest
intensity of light required to recognize an object under a
condition of blockage of external light, as a function of time.
Here, the intensity of light refers to the intensity of light
incident from the object to the pupil.

[0007] However, the conventional technology can obtain
the threshold intensity only after a long time under a
condition of blockage of external light.

[0008] In addition, since a subject determines the thresh-
old intensity by their own sensing, the accuracy of the results
cannot be assured, and thus the calculated blood sugar level
may be inaccurate.

1. Field of the Invention

SUMMARY OF THE INVENTION

[0009] The present invention provides an apparatus for
determining blood sugar level without blood using dark
adaptation of the optic nerve by rapidly and accurately
measuring a threshold intensity and an irradiation time and
using the fact that the threshold intensity over time corre-
lates with the blood sugar level under a condition of block-
age of external light.

[0010] The present invention also provides a method of
determining blood sugar level without blood using dark
adaptation of the optic nerve by rapidly and accurately
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measuring a threshold intensity and an irradiation time and
using the fact that the threshold intensity over time corre-
lates with the blood sugar level under a condition of block-
age of external light.

[0011] The present invention also provides a computer-
readable recording medium storing a computer program for
determining blood sugar level without blood by rapidly and
accurately measuring a threshold intensity and an irradiation
time and using the fact that the threshold intensity over time
correlates with the blood sugar level under a condition of
blockage of external light.

[0012] According to an aspect of the present invention,
there is provided an apparatus for determining blood sugar
level without blood using dark adaptation of the optic nerve,
including: a controller which generates a control signal for
controlling light which is irradiated onto the pupil of a
subject; a light irradiator which responds to the control
signal to irradiate a light onto the pupil shielded from
external light while increasing an intensity of the light; a
stimulus notifier which notifies the controller of an event
that the subject recognizes the light; and a blood sugar level
calculator which calculates the blood sugar level of the
subject using a threshold intensity and an irradiation time
according to the instruction of the controller, wherein the
threshold intensity is the intensity of the light at the time of
notification, the irradiation time is the time for which the
light is irradiated onto the pupil, and the numerical values of
the threshold intensity and the irradiation time are provided
from the controller.

[0013] The light irradiator may include: a fixing light
irradiator which irradiates a fixing light according to the
control signal to fix the position of the pupil; and a variable
light irradiator which stops the irradiation of the fixing light
according to the control signal and irradiates the stimulating
light onto the position irradiated with the fixing light while
increasing the intensity of the stimulating light.

[0014] The fixing light irradiated by the fixing light irra-
diator may stimulate cone cells of the retina and the stimu-
lating light irradiated by the variable light irradiator may
stimulate rod cells of the retina.

[0015] The fixing light irradiated by the fixing light irra-
diator may be red light and the stimulating light irradiated by
the variable light irradiator may be blue light.

[0016] The apparatus for determining blood sugar level
may further include a focus tracer which traces the position
of the pupil by irradiating an invisible focusing light onto the
cornea according to the control signal and notifies the
controller of the position of the traced pupil.

[0017] The stimulating light irradiated by the light irra-
diator may stimulate cone cells or rod cells of the retina.

[0018] The light irradiator may simultaneously irradiate
light stimulating cone cells of the retina and light stimulating
rod cells of the retina, as the stimulating light.

[0019] The stimulating light irradiated by the light irra-
diator may pass through the pupil to reach rod cells of the
retina.

[0020] The stimulus notifier may be a user’s operation unit
which is pressed to notify the controller of an event that the
subject recognizes the stimulating light.
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[0021] The stimulus notifier may be an electroencephalo-
gram (EEG) detector which detects the EEG of the subject
and notifies the controller of an event that the subject
recognizes the stimulating light.

[0022] The stimulus notifier may notify the controller of
an event that the subject recognizes the stimulating light at
the moment when an a-wave disappears from the detected
EEG.

[0023] The light irradiator may respond to the control
signal to irradiate an initialization light onto the pupil and
irradiate the stimulating light onto the pupil blocked from
external light while increasing the intensity of the stimulat-
ing light.

[0024] The apparatus for determining blood sugar level
may further include a light sensor which senses the intensity
of the stimulating light at the moment of notification to
notify the controller.

[0025] The apparatus for determining blood sugar level
may further include a display for displaying the calculated
blood sugar level.

[0026] According to another aspect of the present inven-
tion, there is provided a method of determining blood sugar
level without blood using dark adaptation of the optic nerve,
including: irradiating a initialization light onto the pupil of
a subject blocked from external light and stopping the
irradiation; irradiating a stimulating light onto the pupil
while increasing an intensity of the stimulating light: noti-
fying that the subject has recognized the stimulating light;
and being provided with the numerical value of a threshold
intensity, which is the intensity of the stimulating light at the
moment of notification, and the numerical value of an
irradiation time, which is the time for which the stimulating
light is irradiated onto the pupil, and calculating the blood
sugar level of the subject using the threshold intensity and
the irradiation time.

[0027] According to another aspect of the present inven-
tion, there is provided a computer-readable recording
medium storing a computer program performing a method
of determining blood sugar level without blood using dark
adaptation of the optic nerve, including: irradiating a ini-
tialization light onto the pupil of a subject blocked from
external light and stopping the irradiation; irradiating a
stimulating light onto the pupil while increasing an intensity
of the stimulating light; notifying when the subject recog-
nizes the stimulating light; and being provided with the
numerical value of a threshold intensity, which is the inten-
sity of the stimulating light at the moment of notification,
and the numerical value of an irradiation time which is the
time for which the stimulating light is irradiated onto the
pupil, and calculating the blood sugar level of the subject
using the threshold intensity and the irradiation time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other features and advantages of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0029] FIG. 1 is a block diagram for explaining an appa-
ratus for determining blood sugar level without blood using
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dark adaptation of the optic nerve according to an embodi-
ment of the present invention;

[0030] FIG. 2 is a reference diagram for explaining a
fixing light and a stimulating light irradiated onto the pupil;

[0031] FIG. 3 is a block diagram for explaining an appa-
ratus for determining blood sugar level without blood using
dark adaptation of the optic nerve according to another
embodiment of the present invention;

[0032] FIG. 4 is a block diagram for explaining an appa-
ratus for determining blood sugar level without blood using
dark adaptation of the optic nerve according to another
embodiment of the present invention;

[0033] FIG. 5 is a flow chart for explaining a method of
determining blood sugar level without blood using dark
adaptation of the optic nerve according to an embodiment of
the present invention; and

[0034] FIG. 6 is a flow chart for explaining a method of
determining blood sugar without blood using dark adapta-
tion of the optic nerve according to another embodiment of
the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0035] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. It is to
be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is
not intended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

[0036] FIG. 1 is a block diagram for explaining an appa-
ratus for determining blood sugar level without blood using
dark adaptation of the optic nerve according to an embodi-
ment of the present invention. The apparatus for determining
blood sugar level includes a light irradiator 110, a controller
120, a stimulus notifier 130, a light sensor 140, a blood sugar
level calculator 150 and a display 160.

[0037] The light irradiator 110 irradiates light onto the
pupil 230 (see FIG. 2) of a subject blocked from external
light, while increasing the intensity. Hereinafter, this light is
referred to as “a stimulating light” or *“a rod cell stimulating
light”. The light irradiator 110 can also irradiate an initial-
ization light, a fixing light and a focusing light.

[0038] The controller 120 generates control signals for
controlling the operation of the light irradiator 110, the light
sensor 140 and the blood sugar calculator 150. In particular,
the controller 120 controls the operation of the light irra-
diator 110 to control light irradiated onto the pupil 230 of the
subject.

[0039] Tt is preferable that only light from the light irra-
diator 110 is allowed to reach the pupil 230 of the subject.
That is, external light may be blocked. An eye bandage may
be put over the subject’s eyes to achieve this. At this time,
the light irradiator 110 irradiates light inside the eye bandage
onto the pupil 230.

[0040] External light can also be blocked by entering a
dark room. However, to miniaturize the apparatus for deter-
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mining blood sugar level, it is preferable to use the eye
bandage. This produces the same results as when the subject
enters a dark room.

[0041] Once all external light, such as sunlight or incan-
descent light, is blocked by the eye bandage, the optic nerve
of the subject undergoes dark adaptation. The dark adapta-
tion is also called adaptation to darkness, and is the mecha-
nism which allows human vision to function under a very
wide range of illumination levels.

[0042] When an x axis denotes an irradiation time and a y
axis denotes a threshold intensity, a curve can be obtained
where the threshold intensity is in inverse proportion to the
irradiation time (hereinafter, called “a dark adaptation
curve”).

[0043] The threshold intensity is a function of the irradia-
tion time, and is the lowest intensity required to recognize an
incident light each time. Alternatively, the threshold inten-
sity may be a function of the time taken for the pupil 230 to
adapt to darkness after external light is blocked.

[0044] The irradiation time is the total time for which light
is irradiated onto the pupil 230 shielded from external light.

[0045] In general, when the irradiation time is about 7
min, a bending point appears in the dark adaptation curve.
This is called “Kohlrausch’s kink™. While cone cells of the
retina initially act to increase sensitivity by 10 times, the
sensitivity of rod cells increases and replaces the cone cells
as the dark adaptation proceeds. That is, owing to the
adaptation of rod cells, their sensitivity eventually increases
by about 1000 times. While it takes 45 minutes to complete
the dark adaptation, it takes only about 1 to 2 minutes to
readjust when going out from a dark place to a light place.

[0046] Tt is already known in the medical field that the
dark adaptation curve is associated with the blood sugar
level of a subject. That is, the higher the blood sugar level,
the faster the threshold intensity decreases.

[0047] Thus, if only the threshold intensity and the irra-
diation time are acquired, the blood sugar level of a subject
can be calculated. However, it is difficult to wait until the
completion of the dark adaptation in order to acquire the
threshold intensity and the irradiation time, because the
subject must be under the inconvenient examination condi-
tions for a long time.

[0048] The present invention provides a technique for
rapidly obtaining accurate numerical values of the threshold
intensity and the irradiation time by irradiating the stimu-
lating light onto the pupil 230 while gradually increasing the
intensity, and accurately determining the moment when the
subject recognizes the irradiated stimulating light.

[0049] The light irradiator 110 irradiates the stimulating
light under the control of the controller 120 as described
above, and the stimulating light may be incident on rod cells
242 of visual cells 240 of the retina through the pupil 230.
Meanwhile, light of a smaller wavelength more easily stimu-
lates the rod cells 242. For example, blue light stimulates the
rod cells 242 more easily than red light.

[0050] To ensure that the stimulating light is incident on
the rod cells 242 of the visual cells 240 of the retina, the light
irradiator 110 may include a fixing light irradiator (not
shown) and a variable light irradiator (not shown). FIG. 2 is
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a reference diagram for explaining the fixing light and the
stimulating light irradiated onto the pupil 230. The fixing
light irradiator irradiates the fixing light 210 according to a
control signal from the controller 120 to fix the position of
the pupil 230. Since the fixing light 210 irradiated onto the
pupil 230 is generally incident on cone cells 244 of visual
cells 240 of the retina, red light which easily stimulates the
cone cells 244 may be used as the fixing light 210. Mean-
while, the variable light irradiator stops irradiating the fixing
light 210 and irradiates the stimulating light 220 onto the
position on the pupil irradiated with the fixing light 210,
while increasing the intensity of the stimulating light 220,
according to a control signal from the controller 120. The
irradiation may be performed such that the stimulating light
220 passes through the position irradiated with the fixing
light 210, and reaches the rod cells 242, while increasing the
intensity of the stimulating light.

[0051] There may be no gap of time between stopping the
irradiation of the fixing light 210 and beginning the irradia-
tion of the stimulating light 220. This is because the subject
moves the eyeball during any time gap, thus changing the
position of the pupil 230, which causes the variable light
irradiator to irradiate the stimulating light 220 onto the
wrong position.

[0052] The variable light irradiator maintains an angle 235
between the path of the stimulating light 220 and the path of
the fixing light 210 irradiated by the fixing light irradiator.
The fixing light 210 is generally incident on cone cells 244,
whereas the stimulating light 220 may be incident on rod
cells 242. Cone cells 244 of the visual cells 240 of the retina
are usually distributed at the circumference of yellow spots
(not shown), and rod cells 242 are usually distributed across
the remaining portion of the retina except for the circum-
ference of the yellow spots. In consideration of the spatial
distribution of the visual cells 240 of the retina, the angle
235 may be 12 to 20 degrees.

[0053] Animage 250 formed on the visual cells 240 of the
retina is recognized by the cerebrum through an optic nerve
250.

[0054] The intensity of the stimulating light 220 irradiated
by the variable light irradiator of the light irradiator 110 onto
the rod cells 242 gradually increases. In this case, the
irradiation time increases and the threshold intensity
decreases gradually. Meanwhile, the intensity of the stimu-
lating light 220 irradiated onto the rod cells 242 gradually
increases. Thus, the subject recognizes that the stimulating
light 220 has irradiated when the intensity of the stimulating
light reaches the threshold intensity.

[0055] At this moment, the stimulus notifier 130 informs
the controller 120 of the fact that the subject has recognized
the stimulating light 220. The stinwlus notifier 130 may be
a user’s operation unit 130 which is operated to notify the
controller 120 of the recognition. For example, the user’s
operation unit 130 can be a button which the subject can
press to notify the controller 120 of an event that the subject
recognizes the stimulating light 220.

[0056] The controller 120 provides the blood sugar level
calculator 150 with the numerical values of the threshold
intensity and the irradiation time as soon as it is notified, and
requests the calculation of the subject’s blood sugar level
using the provided numerical values. The blood sugar level



US 2006/0167352 A1l

calculator 150 calculates the blood sugar level of the subject
based on the medical common sense that the threshold
intensity with the passage of time under a condition of
blockage of external light correlates with blood sugar level.

[0057] At this time, the controller 120 can provide the
blood sugar level calculator 150 with the intensity of the
stimulating light 220 irradiated by the light irradiator 110
when the stimulus notifier 130 informs the controller 120 of
the recognition fact as the threshold intensity. Since the
controller 120 instructs the light irradiator 110 to irradiate
the stimulating light 220, it always recognizes the intensity
of the stimulating light 220. Similarly, the controller 120
also provides the blood sugar level calculator 150 with the
numerical value of the irradiation time when the stimulus
notifier 130 informs the controller 120 of the recognition
fact.

[0058] Meanwhile, the controller 120 can directly sense
the intensity of the stimulating light 220 irradiated by the
light irradiator 110 in order to obtain the numerical value of
the threshold intensity. In this case, a light sensor 140 is
further included. The light sensor 140 may operate accord-
ing to a control signal from the controller 120 generated
when the stimulus notifier 130 informs the controller 120 of
the recognition.

[0059] Thedisplay 160 displays the numerical value of the
blood sugar level calculated by the blood sugar level cal-
culator 150. “OUT 17 denotes the numerical value of the
blood sugar level displayed.

[0060] FIG. 3 is a block diagram for explaining an appa-
ratus for determining blood sugar level without blood using
dark adaptation of the optic nerve according to another
embodiment of the present invention. The apparatus
includes a light irradiator 310, a controller 320, a stimulus
notifier 330, a light sensor 340, a blood sugar level calculator
350 and a display 360.

[0061] The elements 310, 320, 340, 350 and 360 are the
same as the elements 110, 120, 140, 150 and 160 illustrated
in FIG. 1, and thus their descriptions will not be repeated.
Here, “OUT 2” denotes the numerical value of the blood
sugar level displayed.

[0062] The stimulus notifier 330 may be an electroen-
cephalogram (EEG) detector which detects the EEG of the
subject and notifies the controller 320 when the subject
recognizes the stimulating light 220 irradiated onto the pupil
230.

[0063] The EEG represents the electrical activity of cor-
tical neurons detected on the surface of the subject’s scalp.
The EEG generally has a frequency of about 1 to 50 Hz and
a potential of 20 to 200.

[0064] In particular, the EEG includes an o-wave with a
frequency of 8 to 13 Hz, a f-wave with a frequency of 18
to 30 Hz, a §-wave with a frequency of 0.5 to 4 Hz, and a
B-wave with a frequency of 4 to 7 Hz.

[0065] Inthe EEG detected when it becomes opening eyes
in a stable state with closing eyes, the a.-wave disappears at
once and the f-wave appears, which is called “a-blocking”.
That is, the f-wave is detected when a predetermined signal
is transmitted to the optic nerve 250, and this principle can
be used by the stimulus notifier 330. When irradiating only
the stimulating light 220 onto the pupil 230 with increasing
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the intensity under a condition of blockage of external light,
the a-wave is not detected for a moment. This is the time
when the subject recognizes the stimulating light 220 inci-
dent on the pupil 230. In this way, the stimulus notifier 330
notifies the controller 320 of the recognition. Since the
stimulus notifier 330 accurately catches without error the
moment when the subject recognizes the stimulating light
220, it ensures a higher accuracy of the blood sugar level
than the user’s operation unit 130.

[0066] The light irradiator 110 or 310 may respond to the
control signal to irradiate a predetermined amount of an
initialization light (not shown) onto the pupil 230 and
irradiate the stimulating light 220 onto the pupil 230 blocked
from external light while increasing the intensity. That is, the
light irradiator 110 or 310 may initialize the state of the pupil
230 by irradiating the initialization light, before irradiating
the fixing light 210 or the stimulating light 220. In this case,
the light irradiator 110 or 310 may irradiate the fixing light
210 or the stimulating light 220 onto the pupil 230 after
irradiating a predetermined amount of an initialization light.

[0067] FIG. 4 is a block diagram for explaining an appa-
ratus for determining blood sugar level without blood using
dark adaptation of the optic nerve according to another
embodiment of the present invention. The apparatus
includes a focus tracer 410, a light irradiator 420, a control-
ler 430, a stimulus notifier 440, a light sensor 450, a blood
sugar level calculator 460 and a display 470.

[0068] The elements 420, 430, 440, 450, 460 and 470 are
the same as the elements 110, 120, 130, 140, 150 and 160
illustrated in FIG. 1, and thus their descriptions will not be
repeated. Here, “OUT 3” denotes the numerical value of the
blood sugar level displayed.

[0069] The focus tracer 410 traces the position of the pupil
230 by irradiating an invisible focusing light (not shown)
onto the cornea according to a control signal from the
controller 430, and informs the controller 430 of the position
of the pupil 230. This determines the position of the pupil
230 in order to accurately irradiate the initialization light, the
fixing light 210 and the stimulating light 220 onto the pupil
230. Meanwhile, the focusing light may be infrared. In this
case, the stimulating light 220 may stimulate either the cone
cells 244 or the rod cells 242 of the visible cells 240 of the
retina. Alternatively, the light irradiator 420 can simulta-
neously irradiate light to stimulate the cone cells 244 and
light to stimulate the rod cells 242.

[0070] FIG. 5 is a flow chart for explaining a method of
determining blood sugar level without blood using dark
adaptation of the optic nerve according to an embodiment of
the present invention. The method includes calculating
blood sugar level by irradiating a light to obtain the numeri-
cal values of a threshold intensity and irradiation time
(operations 510 to 550) and displaying the result (operations
560 to 570).

[0071] The light irradiator 110 or 310 irradiates the ini-
tialization light onto the pupil 230 to initialize the amount of
light incident on the pupil 230 (operation 510). The light
irradiator 110 or 310 irradiates the fixing light 210 onto the
pupil 230 to fix the position of the pupil 230 (operation 520),
and irradiate the stimulating light 220 at an increasing
intensity (operation 530).

[0072] At the moment of recognition, the stimulus notifier
130 or 330 informs the controller 120 or 320 of the recog-
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nition, provide the blood sugar level calculator 150 or 350
with the numerical values of the threshold intensity and the
irradiation time, and request the calculation of the blood
sugar level. Thereby, the blood sugar level calculator 150 or
350 calculates the blood sugar level (operation 550).

[0073] At this time, the controller 120 or 320 decides
whether the total number of calculating operations pet-
formed is equal to a predetermined value (operation 560).
and if the result is less than the predetermined value, the
operation 510 is performed again.

[0074] However, if the total number of calculating opera-
tions performed is equal to the predetermined value, the
display 160 or 360 displays the blood sugar level (operation
570). How many times the calculating operation is per-
formed is established in advance.

[0075] FIG. 6 is a flow chart for explaining a method of
determining blood sugar level without blood using dark
adaptation of the optic nerve according to another embodi-
ment of the present invention. The method includes calcu-
lating blood sugar level by irradiating a light to obtain
numerical values of a threshold intensity and irradiation time
(operations 610 to 650) and displaying the result (operations
660 to 670).

[0076] The elements 510 and 530 to 570 are the same as
the elements 610 and 630 to 670 in FIG. 5, and thus their
descriptions will not be repeated.

[0077] The focus tracer 410 traces the position of the pupil
230 by irradiating the focusing light onto the pupil 230
(operation 620). Thus, the position of the pupil 230 can
always be determined.

[0078] These exemplary embodiments use an initialization
light, a fixing light, a focusing light and a stimulating light
in various combinations, however, the present invention is
not limited to the combinations described in these exemplary
embodiments, and any combination or number of the afore-
mentioned type of lights may be used to implement the
invention.

[0079] The present invention can also be implemented as
computer-readable code stored on a computer-readable
recording medium. The computer-readable recording
medium includes all kinds of recording medium which store
data that can be read by a computer system. Examples of
such a recording medium include ROM, RAM, CD-ROM,
magnetic tape, floppy disc, optical data storage, and the like.
In addition, the recording medium may be implemented in
the form of a carrier wave (for example, transmission
through the internet). The computer-readable recording
medium can also be distributed over network coupled com-
puter systems so that the computer-readable code is stored
and executed in a distributed fashion. Functional programs,
code and code segments for implementing the present inven-
tion can easily be conceived by programmers in the art.

[0080] As described above, the apparatus and the method
for determining blood sugar level without blood using dark
adaptation of the optic nerve, and the recording medium
storing a computer program performing the method, accord-
ing to embodiments of the present invention can rapidly and
accurately calculate the threshold intensity and the irradia-
tion time, to rapidly and accurately determine a subject’s
blood sugar level, based on the fact that the threshold
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intensity over time is associated with the numerical value of
the blood sugar level under the condition where external
light is blocked.

[0081] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

What is claimed is:
1. An apparatus for determining blood sugar level without
blood using dark adaptation of the optic nerve, comprising:

a controller which generates a control signal for control-
ling light which is irradiated onto a pupil of a subject;

a light irradiator which responds to the control signal to
irradiate a stimulating light onto the pupil;

a stimulus notifier which notifies the controller at a time
that the subject has a predetermined response to the
stimulating light; and

a blood sugar level calculator which calculates the blood
sugar level of the subject using a threshold intensity
and an irradiation time according to an instruction from
the controller,

wherein an intensity of the stimulating light changes over
a duration of time and the threshold intensity is the
intensity of the stimulating light at the time of notifi-
cation, and the irradiation time is the duration of time
for which the stimulating light is irradiated onto the
pupil before notification.

2. The apparatus of claim 1, wherein the light irradiator

further compries:

a fixing light irradiator which irradiates a fixing light at a
position on the pupil according to the control signal in
order to fix the pupil; and

a variable light irradiator which irradiates the stimulating
light directed at a substantially same position on the
pupil where the fixing light is irradiated.

3. The apparatus of claim 2, wherein the fixing light
irradiated by the fixing light irradiator stimulates cone cells
of the retina for a first time period and the stimulating light
irradiated by the variable light irradiator stimulates rod cells
of the retina following the first time period.

4. The apparatus of claim 3, wherein the fixing light
irradiated by the fixing light irradiator is red light and the
stimulating light irradiated by the variable light irradiator is
blue light, and external light is substantially blocked from
entering the pupil.

5. The apparatus of claim 2, further comprising a focus
light irradiator which irradiates a focusing light to identify a
pupil position, wherein the pupil position is provided to the
controller, and the fixing light irradiator and the stimulating
light irradiator are directed to the position on the pupil based
on the pupil position.

6. The apparatus of claim 5, wherein the stimulating light
irradiated by the variable light irradiator is directed to the
rod cells of the retina.

7. The apparatus of claim 5, wherein the fixing light
irradiated by the fixing light irradiator is directed to the cone
cells of the retina.
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8. The apparatus of claim 5, wherein the variable light
irradiator simultaneously irradiates light stimulating cone
cells of the retina and rod cells of the retina.

9. The apparatus of claim 1, wherein the stimulating light
irradiated by the light irradiator passes through the pupil to
reach rod cells of the retina.

10. The apparatus of claim 1, wherein the stimulus notifier
is a user’s operation unit activated by the user.

11. The apparatus of claim 1, wherein the stimulus notifier
is an electroencephalogram detector which detects the elec-
troencephalogram of the subject.

12. The apparatus of claim 11, wherein the predetermined
response of the subject is indicated when an a-wave disap-
pears from the detected electroencephalogram.

13. The apparatus of claim 1, further comprising an
initialization light irradiator for irradiating an initialization
light onto the pupil for a predetermined time,

wherein said stimulating light is irradiated after the pre-

determined time.

14. The apparatus of claim 1, further comprising a light
sensor which senses the intensity of the stimulating light at
the moment of notification, to notify the controller.

15. The apparatus of claim 1, further comprising a display
for displaying the calculated blood sugar level.

16. A method of determining blood sugar level without
blood using dark adaptation of the optic nerve, comprising:

irradiating a stimulating light onto the pupil of a subject
substantially blocked from external light, while
increasing an intensity of the stimulating light;

notifying that the subject has responded to the stimulating
light; and

providing a calculated blood sugar level based on the
intensity of the stimulating light at the moment of
notification, and the time for which the stimulating
light is irradiated onto the pupil.
17. The method of claim 16, wherein the stimulating light
passes through the pupil to reach rod cells of the retina.
18. The method of claim 16, further comprising;

irradiating a fixing light to fix the position of the pupil,

wherein the irradiating of the fixing light is stopped prior
to irradiating the stimulating light.
19. The method of claim 16, further comprising;

irradiating a focusing light onto the cornea to determine a
position of the pupil,

wherein the stimulated light is irradiated based on the
position determined.
20. The method of claim 16, further comprising;

irradiating an initialization light for a predetermined
period of time, wherein the stimulating light is irradi-
ated after the predetermined period of time of irradi-
ating the initialization light.
21. The method of claim 16, further comprising display-
ing the calculated blood sugar level.
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22. The method of claim 20, wherein the stimulating light
is irradiated immediately after the predetermined period of
time of irradiating the initialization light.

23. A computer-readable recording medium storing a
computer program performing a method of determining
blood sugar level without blood using dark adaptation of the
optic nerve, comprising;

irradiating an initialization light onto the pupil of a subject
blocked from external light and stopping the irradia-
tion;

irradiating a stimulating light onto the pupil while increas-
ing an intensity of the stimulating light;

notifying when the subject recognizes the stimulating
light; and

being provided with the numerical value of a threshold

intensity, which is the intensity of the stimulating light

at the moment of notification, and the numetrical value

of an irradiation time which is the time for which the

stimulating light is irradiated onto the pupil, and cal-

culating the blood sugar level of the subject using the
threshold intensity and the irradiation time.

24. The apparatus of claim 5, further comprising an

initialization light irradiator which irradiates an initializing

light,

wherein the focusing light is irradiated to determine the
pupil position, the initializing light is then irradiated for
a predetermined amount of time, the fixing light is
irradiated after the predetermined amount of time and
after the pupil is fixed by the fixing light, the stimu-
lating light is irradiated.

25. The apparatus according to claim 2, wherein the fixing
light is directed on a first path and the stimulating light is
directed on a second path toward the substantially same
position on the pupil with an angle of 12 to 20 degrees
between the first path and second path.

26. The method of claim 16, further comprising;

irradiating a focusing light onto the cornea to determine a
position of the pupil for directing the later irradiated

light,

irradiating an initialization light for a predetermined
period of time directed by the determined pupil posi-
tion,

irradiating a fixing light to fix the position of the pupil,

wherein the focusing light is irradiated first to determine
the position of the pupil, the initialization light is
irradiated second for a predetermined period of time,
the fixing light is irradiated after the predetermined
time and the stimulating light is irradiated after the
position of the pupil is fixed.
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