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(54) Title: A METHOD AND SYSTEM FOR ESTIMATION OF BLOOD ANYLATES

Fig. 1: A finger probe

(57) Abstract: The present invention relates to a
method and system for estimation ot blood any-
lates, more particularly the invention relates to
mitigation strategies for the confounding factors
in the non-invasive estimation of blood anylates.
The present invention is hypothesized to meas-
ured with an accuracy reasonable for an anaemia
screening tool through measurement of the fol-
lowing parameters Finger Size, Transmitted in-
frared light through the finger, Finger tip temper-
ature.
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TITLE.: A METHOD AND SYSTEM FOR ESTIMATION OF BLOOD ANYLATES

BACKGROUND
TECHNICAL FIELD
The presént invention relates to a method and system for
estimation of blood anylates, more particu_|arly thevinvention relates to
5 | _mitigation“strategies for the confounding factors in the non-invasive
estimation of blood anylates.
BACKGROUND OF THE INVENTION

in the reél ‘world, however, patients do complain about the

constaht poking and prodding that their physicians‘must subject them )

10 to in order to diagnose or monitor their conditions. Hence, many of the
diagnostic ménufactures are working to device products that are more
patient—friendly.

For realizing new diagnostics technology suitable for day-to-day
health “management and disease prevention, the research and

15 development in the field of bicmedical engineering for non-invasive
measurement of body constituents.

Progress in the development of non-invasive diagnostic
btechno|ogies is being made along several fronts and for variety of
conditions.

| 20 | However, confounding is a major concern in causal studies
because it results in biased estimatidn ‘of exposure effects. In_the
extreme, this cén mean that a causal effect ié suggested where none

exists, or that a true effect is hidden.
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Generally, confounding: occurs when there. are differences
between the exposed and uhexposed groups in respect of independent
risk factors for the disease of interest. _

.Any or ali of the present systems énd method thereof for non-
invasive diagnoétics cannot be used for accurate estimation of blood‘
anylates due.to many and all of the above mentioned constréints. , |

For the reasons stated above, which will become apparent to
those skilled in the. art upon reading and understanding the
specification, there is a need in the ért_ for a system and method for
estimation of blood anylates with mitigation strategies for the

confounding factors in the non-invasive estimation of blood anylates.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference Wi|l be made to embodiments of the invention,.
examples of which may be illustrated in the ac'conﬁpanying figures.

These fingers are intended to be illustrative, not limiting. Aithough the

v invention is generally described in the context of these embodiments, it
- should be understood that it is not intended to limit the scope of the

_invention to these particular embodiments.

Fig. 1 illusfrates view of a finger probe

Fig. 2 illustrates a tunnel built around the optical proximity sensor

Fig. 3 illustrates a plot of Finger size against the output from the silicon
photodiode ( ADC values) |
Experimental éiata is chlected from 150 volunteers in a general

outpatient sample population. Sampling method is stratified sampling

PCT/IN2014/000138
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based on gender and age. For each volunteer , the following

_measurements are done :

a) Reference haemoglobin ( lnvas'ive collection via venepuncture and
- quantification using the cyanmeth , Drabkin’s method). Units — g/dl
b) Finger size : Finger circumference at the middle of the distal

phalynx with the help of a measurihg tape. Units — mm

bc) Skin colour : Quantification of skin colour with the help' of a skin

colour gra’dation'chart which is used visually -, -where 1 represents
the lightest skin colour and 10 represents the darkest skin colour.
d) Finger temperature : Fingertip temperéture measured with the help
ofa NTC thermistor(0.1% toleran¢e). Units : degree farenheit
Output of the silicon photodiode + 940 nm LED in a transmittance
pattern with a fixed current throught the LED, ensuring constant
illumination ( LED and photodiode on opposite sides of the fingertip).
Units : 0-4095 measured with a 12 bit ADC
Fig. 4 illustrates a plot of Total Hb in g/lb against the output from the
silicon photodiode (ADC values) |
Fig. 5 illustrates a plot of Hb in g/l against Finger size (circumference)
in mm.
Fig. 6 illustrates a plof of Skin colour (me}asured in grades of skin
colour) against thé output from the silicon photodiode (ADC values)
Fig. 7 iilustrates a plot of Skin colour (measuréd in grades of skin
colour) against size (circumference) in mm

Fig. 8 illustrates Absorption spectrum df melanin

PCT/IN2014/000138
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Fig. 9 illustrateé a plot of Finger circumference in mm against ADC
valueé. Lowest line represents Reference Hb of 14 g/dl and vthe top
most line represents Reference Hb of 7g/dl. Each line in the middle is
ata reso|uﬁon of 1g/dl. Eg. Y axis of 2000 for finger size 40 représents

Hb of 14g/dl. Y axis of 2000 for fingér size 45 represents Hb of 12g/dl

'SUMMARY THE INVENTION

The present invention relates to a méthod and system for
estimation of blood anylates, more particularly the invention relates to

mitigation strategies for the confounding factors in the non-invasive

‘estimation“of blood anylates. The system and the method thereof is -

configured to receive the signalv inputs provided by the ADC, process
the input signal .recéived from ADC ie. equivalent to the
phototransi'stor output signal to determine the finger size. The finger
size is determined through the relative referencing of the reference

LUT's stored at the memory and error correction thfough

~ representative correction set based on the finger tip temperature. The

processor is configured to to receive the signal inputs provided by the
ADC, process the input signal received from ADC i.e. equivalent to the

silicon photodiode output signal to determine the total haemoglobin by

plotting the finger size against the ADC signal corfesponding to the

output of the silicon photodiode to determine which of the reference
line the plot coincides and thus determining the value of the total

haemoglobin based on the reference table stored as the LUTs at

4
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memory, a plot based on which is shown in the fig. 9 . The processor

- is configure to activate the oUtput device such as display device,
display device preferably a L_CD display to display the resultant value
of the haemoglobin. | |

| 5 DETAILED DESCRIPTION OF THE INVENTION

The embodiments herein provide a method and systém for
estimation of blood anylates with mitigation strategies for the
confounding factors in the non-invasive estimation of blood anylates.

10 Further the emedi'ménts may be easily implemented in various non-
invasive diagnostics systems. Tihe method of the invention may also be
implemented as application performed by a stand alone or embedded
system. |

The invention deécribed herein is explaiﬁed using specific

15. eXempIary details for better understanding. However, the invenﬁoh
disclosed can be worked on by a person skilled in the art without the
use of these specific details. | |

References in the specification to “one embodiment” or “an
‘embodiment” means that a particular feature, structure, characteristic,

20 - or function described in connection with the embodiment is included in
at least one embodiment of the invention. The appearances of the'
phrase “in-one embodiment” in various places in the specification are

not necessarily all referring to the same embodiment.
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- Hereinafter, the preferred embodiments of the present invention

- will be described in detail. For clear description of the present

invention, known constructions and functions will be omitted.
. Parts of tbhe' description may be presented in terms of
operations performed by a computer system, using terms such as data,

state, link, fault, packet, and the like, consistent with the manner

-commonly employed by those skilled in the art to convey the substance

of their work to others skilled in the art. As is well understood by those

skilled in the art, these quantities take the form of data

stored/transferred in the form of electrical, magnetic, or optical sighals

capable of being stored, transferred, co}mbined, and otherwise
manipulated through mechanical and electrical components of the
compufer system; and the term comput_er system includes general
purpose as well as- special purpose data processing machines,
switches, and the like, that are standalone, adjunct or embedded.

Accordi'ng to én embodiment of the present invention, the
method and system for non-invasive diagnostics is a system and
method for estimation of blood anylatés with mitigétio_n strategies for
the confounding factors in the non-invasive estimation of blood
anylates.

It is painful to the patient while creating biohazards and the

need for associated disposal procedures. A device that can quickly and

“accurately measure haemoglobin has many healthcare applications,

such as in physical examinations, emergency departments, primary

health care providers, medical specialists, in situ measurement of

6
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bleeding during surgery for determining transfusion triggers, and in
home healthcare for the chronically ill and aging population. As per
described herewith. the ..present invention is a  non-invasive
haemoglobin measurement teChnoIogy meant for measuring the
haemoglobin cbncentration in the blood without drawing blood.

Haemoglobin is one of the most strongly absorbingj

' chrdmophore in the near infra red region. There are four major forms of

haemoglobin; Red Hb, Oxy Hb, Met Hb, and CO Hb. Out of these Oxy
and Red Hb are the dominant forms in majority of conditions with the
exceptions  of metherﬁo"globinemia and smokers/burn patients
respectively..

As per one of the embo—aiment of the present inventioh, the
fingers of the adult patients is subjected to the light of near infra red
region and data bertaining to the finger size, colour skin, finger
temperature, SpO2 avnd perfusion index may be collected. Probe
Experimental data is collected from 150 volunteers in a general
outpatient sample populatioh. Sampling method is stratified sampling
based on gender and age. For each volunteer , the  following
measurements are done :

Reference haemoglobin. ( Invasive collection via venepuncture and
quantification using the. cyanmeth , Drabkin’s method). Units — g/d!
Finger size : Finger circumference at fhé middle of the distal

~ phalynx with the help of a measuring tape. Units ~ mm

PCT/IN2014/000138
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'Skin colour : Quantification of skin colour with the help of a skin
colour grédation chart which is Use.d visually , where 1 represents
the lightest skin colour énd 10 represents the darkest skin colour.

| Finger temperature : Fingertip temperature measured with the help
of aNTC thermistor(Q.1% tolérahce). ‘Uni{s : dégree_ farenheit

Output of the silicon phdtodiode + 940 nm LED .in a transmittance

: pattern with a fixed current throught the LED, ensuring .c'onstant

illumination ( LED and photodiode on opposite sides of the fingertip).

Units : 0-4095 measured with a 12 bit ADC

The other embodiment of the present invention have finger
probe as the integrated component of the system.

In one of the embodiment of the present invention, the system

may have finger probe wherein the finger probe is constructed such

that the finger can be inserted.

in one of the embodiment of the present invention, the system
have finger probe wherein the finger probe is constructed such >th‘at the
finger is  inserted in a silicon rubber sleevebwhich is flexible and may
expands or contract to accommodate different finger sizes. |

As per one of the embodiment of the present invention, the

~flexible silicon rubber part of the sleeve is attached to a rigid

_framewofk which may encompass the rubber sleeve.

As per one of the embodiment of the present invention, the
flexible silicon rubber part of the sleeve is attached to a rigid framework
which encompass the rubber sleeve wherein the framework house a

reflective optical proximity sensor on the top side and consisting of a

8
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narrow viewing angle - NIR LED and a phototransistor. The LED

shine light on the top of a flat portion of the rubber sleeve and the

reflected light be detected by the phototransistor. Thé amount of light

refiected to phototransistor depend on factors such as the distance

between the flat surface of the silicon rubber sleeve and the Sensor, |
the refiectivity of the flat surface of the silicon rubber sleeve.

in one of the embodiment of the present invention the surface

. of the rubber sleeve have constant reflectivity..

In one another embodiment of the present invention the
reflectivity of the surface of the rubber slee\)e is constant thus ensuing
the output of the phototransistor to be 'directly dependent on the
distance between the flat top surface of the rubber sleeve and the
optical sensor.

As per one of the embodiment of the present invention, the
finger size is inversely related to the distance between the top of the
rubber, sleeve and the optical proximity sensor housed in. the
framework since the rubber sleeve is ﬂ.exible.

To prevent the effect of the ambient light on the optical
proximity sensor, in one of the embodiment of the present invention, a
tunnel is built around the optical proximity sensor. |

As pef one of the embodiment of the present invention, the
flexible silicon rubbler part of the sleeve is attached to a rigid
framework which encompass the rubber sleeve wherein the rubber
sleeve houses components such as but not limited to LEDs, silicon

photodiode, thermistor. The LEDs may be used in a “transmittance”

9
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pattern where the LEDs and photodiode are placed on two different,

parallel planes. The LEDs may be controiled in a way such that they

emit light with three different intensities. The thermistor measures the

- fingertip temperature at the pulp of the finger.

There may be féw confounding factors experiénced during the
measurement which may affect the transmission of infra red light
through the finger. The confounding factors may be hypothesized such
as but not limited to Tdtal Hb‘concent‘ration, Finger Size, Perfusion
status in extremities, Colour of Skin, SpO2 status etc.

As per one of the embodiment of the present invention, the
outpui of the phototransistor from the optical proximity sensor is

captured using a ADC and converted to a number which is

‘representative of the circumference of the finger inside the silicon

rubber sleeve. Further, the output from the silicon photodiode is

representative of the transmitted light through the finger. The ohtput

~ from the silicon photodiode is highly correlated to the finger size with a

correlation coefficient of 0.6. The output from the silicon photodiode
is highly correlated to total haemoglobin with a correlation coefficient of
0.48.

- There is a possibility that the correlation seen between the

output from the silicon photodiode and Total Hb be attributed to the

' mUIticoIlinearity existing between Total Hb, Finger size and the output

from the silicon photodiode. To rule out this possibility Fig. 5 shows the
relatively weak correlation between Finger size and Total Hb. It means

that the change in the output from the silicon photodiode with respect

10
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“to total Hb is not merely because of an existing relationship between

the output from the silicon photodiode énd size. A low correlation was
seen between the output from the silicon photodiode and skin colour

(FiQG), but it can be attributed to muiticollinearity between the output

- from the silicon photodiode, Finger size and skin colour (Fig7). The

two- graphs (fig. 6 and fig. 7) confirm the multicollinearity between
finger size, skin colour and the output from the silicon photodiode.
Thus, it is inferred that skin colour is not a major absorber or
contributor to the tran‘smittanc’e Qf infra red light through the finger. This
is also understood from the absorbtion spectrum 6f melanin (Fig.8)
wherein it is evident thét absorption spectrum of melanin becomeis
relatively insignificant above 700nm. |

The émount of blood in extremities depends on many factors,
some of them being : response-of the syrﬁpathetic, nervous system to
ambient temperature, stress , baseline cathechoiamine activity. The
temperature gradient ( Difference between body témperature and
fingertip temperature ) of the extremities can be used as a predictor for
blood flow in finger . |
gradient = 0.2-5.7..log(flow)

As per éystem and method thereof 6f one of the embodiment of
the present invention, the output from the silicon photodiode also
depends on the blood flow through the finger, which can be predicted
by the finger tip temperature. |

As per one of the embodiment of the present invehtion though

no significant relation is seen with SpO2 fluctuations, it may be

11
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necéssary to note thaf the sample size had no abnormal SpO2
readings. |

As. per the embodiment of the present invehtioh, system and
method thereof of kthe presént invention is hypothesized to measufed
With aﬁ accuracy reasonable for an anaemia screening_tool through
measurement of the following parameters:

1. Fingef Size

2. Transmitted infrared ligﬁt through the finger

3. Finger tip temperature.

As per system and method thereof of oné of the embodiment of .
the present invention, the effects of finger size in the measurement of
the output from the silicoﬁ photodiode - is .quantified and removed
through setting up relationship betw’een ‘multiple finger sizes and total
haemoglobin against the output from the silicon photodiode Thus
generating the reference table from the experimental data that is.

collected in a general outpatient sample population wherein reference

- haemoglobin is determined through Invasive collection via

venepuncture and quantification using the cyanmeth , Drabkin’s
method. Units — g/dl and finger size is measured by measuring finger

circumference at the middle of the distal phalynx with the help of a

" measuring tape. Units — mm. The relationship is shown as a plot in the

fig. 9 wherein the Lowest line represents Reference Hb of 14 g/dl and
the top most line represents Reference Hb of 7g/dl. Each line in the

middle is at a resolution of 1g/dl. Eg. Y axis of 2000 for finger size 40

12
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L

represents Hb of 1_4g/d|. Y axis of 2000 for finger éize 45 represents Hb
of 12g/dl

As per Sysfem and metho_d thereof of one of the embodiment of
the present invention, Fingertip temperatqre is used to estimate blood

flow and correct errors.

The system and the method thereof as disclosed in one of the
embodiment of the present invention has a sensitivity of 79% and
specificity of 76% to predict anemia in a non-invasive manner.

As per one of the erﬁbodimeﬁt of the present 'inveﬁtion, the
‘system is comprising of a processor, at least one input device such
as keyboard having at least one key for setting input, an output
device such as display device, preferably LCD display, at least one.
ADC, memory and a finger probe conhected to the processor
'through probe wire to carry signals to the processor. The finger
probe of the system comprise of flexible silicon rubber sleeve, a rigid
ABS framev_vork, a reflective optical proximity sensor (RPR -220) »én
the tép sidev of the ABS frame work, consisting of a narrow viewing
angle NIR LED and a phototransistor, inside‘ of the rubber sleeve
comprise at least Two LEDs of 660 and 940nm, at least one silicon
photodiode and at least one thermistor( NTC). The finger probe is
constructed as per Fig (1) where the finger is to be inserted in a
silicon rubber sleeve which is flexible and expands to accommodate
different finger sizes. The flexible silicon rubber part of tﬁe sleeve

attaches to a rigid, ABS “framework " which encompasses the rubber

13
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‘sleeve. C) The ABS framework houses a reflective optical proximity

sensor (RPR -220) on the top side, consisting of a narrow viewing

angle NIR LED and a phototransistor. The NIR LED shines light on

the top of a flat portion of the rubber sleeve and the réﬂected light is
detected b'y thé phototransistor. The amount of light reﬂected to the
photo'gransistor depends on two factors, the distance between the flat
surface of the silicon rubber sleeve and the 'sensbr and the
reflectivity of the flat surface of the silicon rUbbér sleeve. As the
reflectivity of the surface of the rubber sleeve is remain constant, the
output of the phototransistor direcﬂy depends on the distance
between the flat top surface of thé rubber sleeve and the optical
seﬁsor. Since, the rubber sleeve is flexible the finger size is inversely

related to the distance between the top of the rubber sleeve and the

~ optical proximity sensor housed in the ABS framework. To prevent '

effects of ambient light on the optical proximity sensor , a tunnel is
built around the_optical proximity sensor. Inside the rubber slesve,

are the following components, at least Two LEDs of 660 and 940nm,

" at least one sil»icon photodiode and at least one thermistor ( NTC).

The two LEDs are used in a “transmittance “ pattern where the LEDs
and photodiode are on two différent, paralléf’ planés. The LEDs are
controlled in a way such that they emit light with fhree different
intensities. The NTC thermistor measures the fingertip temperature
at thé pulp of the finger. The ADC is configured to receive the analog
output from the photodiode and silicon transistor and thermistor énd

to provide equivalent digital signal to the processor. The processor is

14
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configured to receive the signal inputs provided by the ADC,
process the input signal recefved from _ADC ie. equ’ivalent to the
thermistor output signal. The processor is configured to receive the
signal inputs provided by the ADC, process the input signal received
from ADC ie. equivalent to the phototransistor output signal to
determine the finger size. Thé finger size is detérmined through the
relative reférencing of the reference LUT's stored at the memory and
error correction through representative correction set based on the
finger tip témperature. The processor is conﬁgured to to receive the
signal inputs pfovided by the ADC, process the input signal received
from ADC i.e. equivalent to the silicon photodiode output signal to

determine the total haemoglobin by plotting the finger size against

‘the ADC signal corresponding to the output of the silicon photodiode

to determine which of the reference line the plot coincides and thus
determining the value of the total haemoglobin based on the
reference table siored as the LUT'sV at memory, a plot based on
which is shown in the fig. 9 . The probessor ié configure to activate
the output device such as display device, display device preferably a

LCD display to display the resultant value of the haemogiobin.

As per one of the embodiment of the present invention the
method is comprising steps of setting a finger in to the finger probe,
on feceiving initialize input from the key board initialize the probe to
set on the a reflective optical proximity sensor placed on the top side

of the ABS frame work, consisting of a narrow viewing angle NIR

15
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LED and a phototransistor and to set on , upon receiving initialize
input from the key board initialize the comprise at Iéast Two LEDs of
660 and 940nm, at least ohe silicon photodio‘de and at least one
thermisfor( NTC) placed in;ide the rubber sleeve, collect the outpu-tA
signal generated by the phototransistor through ADC, collect the

output signal generated by the silicon photodiode through ADC,

collect the oUtput signal generated by the thermistor through ADC,

transmit the digital signal equivalent to the output received from
photodiode, thermistor and silicon phototransistor to the processor,
receive the signal inputs provided by the ADC at the processor,

process the input signal réceived from ADC i.e. equivalent to the

~ phototransistor output signal to determine the finger size, process

the input signal‘ received from ADC i.e. equivalent to_the silicon
photodiode output signal to determine the_total haemoglobin by
plotting the finger size against the ADC signal corresponding to the
output of the silicon photodiode to determine which of the reference
iine the plot coincides and thus determining the value of the total
haemoglobin based on the reference table stored as the LUTs at
memory, activate the output device such as display device, display

the resultant value of the haemoglobin.

As per one of the embodiment of the present invention the
finger size is determined through the relative referencing of the
reference LUT’s stored at the memory and error correction through

representative correction set ba_sed on the finger tip temperature.

16
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As per one of the embodiment of the present invention the
reference table ’is generatéd from the experimental data that is
collected in a general outpatient sample bopulationv wherein

5 - reference haemoglobin i'svdetermined th_rough Invasive collection via
venepuncture and quantification using the cyanmeth |, Drab>kin’vs
L ' me’thod‘. Units — g/dl and finger size is measured by measuring fibnger
circumference at the middie of the distal phalynx with the help of a
‘ measuring tape. Units ~mm.
10 |

As per one of the embodiment of the present invention the .
reference table relationship is plotted wherein the Lowest line
represents Reference Hb of 14 g/dl and the top most line represents
‘Reference Hb of 7g/dl. Each line in the middle is at a resolution of

15 1g/dl. Eg. Y axis of 2000 for finger size 40 represents Hb of 14g/dl. Y

axis of 2000 for finger size 45 represents Hb of 12g/dl

The present invention as described in one of the embodiment
can be advantageously pushed to any connected platform using the -

20 network / Cloud services.

25
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- CLAIMS :
1. A 'system for non-invasive estimation 6f blood anylétes}, the system
combrise: o
5 a fingér probe, the finger probe comprise of a flexible silicon rqbber

L3
i3

sleeve, a rigid ABS framework,‘ at least one reflective optical proximity
sensor (RPR -220) on the top side of the ABS frame work, cdnsisting
of at least one narrow viewing' angler NIR LED and at least one
phototrénsistor, inside of the rubber sleeve comprise ét least Two
10 LEDS of 660 and 940nm, at least one silicon ohotodiode and at least
one thermistor( NTC) and at least qne probe wire to carry signals;

at least one inputbdevice such as keyboard having at Iéast one key for
seftting input, -

“at least one output device suéh as display device, preferably LCD
| 15 display; |

at least one ADC to receive the analog input from the at least one
phototransistor, the at least one thermistor and the at least one silicon
photodiode and convert it into equivalent digital signal and provide as

output;,

.20 a memory;

a processor, the processor configured to receive the sfgnal inputs
provided_ by the ADC, process the input signal received from ADC i.e.‘
equivalent to the thermistor output signal, process the input signal
received from ADC i.e. equivalent to the phototransistor output signal

- 25 to determine the finger size, perform error correction through

18
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representative correction set based on. the. finger tip temperature,
process the input signal received from ADC i.e; equivalent to the silicon
photodiode output signal to determine the total haemogiobin by plotting
.the finger size against the ADC Signal corresponding to the output of'
thé silicon photodiode to determine which of the reference line the plot
coincides and thus determining the_ value of the total haémoglobin
: based on the reference table stored és the LUTs at memory, activate
the output device such as display device, and display devfce preferably

a LCD display to display the resuitant value of the haemoglobin.

L2 The system as claimed in claim 1 wherein the finger probe is

cohstructed where the finger is to be inserted in a silicon rubber sleeve which

is flexible and expands to accommodate different finger sizes.

" 3. The system as claimed in claim 1 wherein the flexible silicon rubber

part of the sleeve attaches to a rigid, ABS “framework " which encompasses

the rubber sleeve.

4, The system as claimed in claim 1 wherein the ABS framework houses

’a reflective optical proximity sensor (RPR -220) on the top side, consisting of a

narrow viewing angle NIR LED and a phototransistor wherein the NIR LED
shines light on the top of a flat portion of the rubber sleeve and the reflected

light is detected by the phototransistor.
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5. The system as claimed in claim 1 wherein the amount of light reflected
to the phototransistor depends on two factors, the disfance between the flat
surface of the silicon rubber sleeve and the sensor and the reflectivity of the

flat surface of the silicon rubber sleeve.

6. The system as claimed in claim 1 wherein the reflectivity of the surface

) _ . . t
of the rubber sleeve is remain constant, ‘

7. The systém as claimed in claim 1 wherein the output of the
phototransistor directly depends on the distance between the fiat top surface

of the rubber sleeve and the optical sensor since, the rubber sleeve is flexible

8. -The system as claimed in claim 1 wherein the finger size is inversely
related to the distance between the top of the rubber sleeve and the optical

proximity sensor housed in the ABS framework.

9. The system as claimed in claim 1 wherein to prevent effects of ambient
light on the optical proximity sensor, a tunne! is built around the optical

f

proximity sensor.

10. The system as claimed in claim 1 wherein the two LEDs Inside the
rubber sleeve, are used in a “transmittance s pattern where the LEDs and

photodiode are on two different, parallel planes.
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11.  The system as claimed in claim 1 wherein the LEDs are controlled in a

Way such that fhey emit light with three different intensities.

12. The system as claimed in claim 1 wherein the NTC thermistor

measures. the fingertip temperature at the puip of the finger.

13. The system. as claimed in claim 1 wherein The finger size is
determined through the relative referencing of the reference LUT’s stored at

the memory

.. 14. . A method for non-invasive estimation of blood anylates, the method

comprising steps of:

setting a finger in to a finger probe;

on receiving initialize input from the key board initialize the probe to set

on at least one reflective optical proximity sensor placed on the top

side of a ABS frame work consisting of at least one narrow Viewing

angle NIR LED ahd at least one phototransistor;

on receiving initialize input from the key board initialize the probe to set

on at least Two LEDs of 660 and 940nm, at least one silicon

photodiode and at least one thermistor( NTC) placed inside the rubber
sleeve;.

collect the output signal generated by the phototransistor through ADC; |
collect the output signal Qenerated by the silicon photodiode through

ADC;
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collect the output signal generated by the thermistor {hrough ADC;
transmit the digital signal equivalent to the output received from
photodiode; thermistor and silicon phototransistor to the. processor;
receive the signal inputs provided by the ADC at the processor;
process ti'ie input signal received from ADC i.ei eqvuivalent to the
phototransistor output sighal to determine the finger size;

~ process the input signal received from ADC i.e. equivaleht to the silicon
_vphOtodio_de‘ ouiput 'signai to detemﬁine the total haemoglobin by ploiting
the finger size against the ADC signal corresponding to the output of »
the silicon photodiode to determine which of the reference lin-evthe plot
coincides and thus determining the value of ‘the total haemoglobin
based on the reference table stored as the LUTs at me.mory,' activate
the output device such as display device;

display the resultant value of the haemoglobin.

15.  The method as claimed in claim 14 wherein the finger size is

~N

determined through the relative referencing of the reference LUT’s stored at

the memory and ‘error correction through representative correction set based

~onthe finger tip temperature.

The reference table is generated from the experimental data that is collected

- in a general outpatient sample population wherein reference haemoglobin is

determined through Invasive collection via venepuncture and quantification
using the cyanmeth , Drabkin’s method. Units — g/dl and finger size is
measured by measuring finger circumference at the middle of the distal -

phalynx with the help of a measuring tape. Units — mm.

22

PCT/IN2014/000138



10

15

20

WO 2014/141293

16. The method as claimed in claim 14 wherein the referenée table
relationship is plotted wherein the Lowest line represenfs Reference Hb of 14
g/dl and the top most line represénts Reference Hb of 7g/dl. Each line in the.
middle is at a resolution o‘f 1g/dl. Eg. Y axis of 2000 for 'finger size 40

represents Hb of 14g/dl. Y axis of 2000 for finger size 45 represents Hb of |

12g/d|

17. The method as claimed ir claim 14 wherein the amount of light reflected to
the phototransistor depends on two factors, the distance between the flat
surface of the silicon rubber sleeve and the sensor and the reflectivity of the

flat surface of the silicon rubber sieeve.

18. The method as claimed in clairﬁ 14 wherein the reflectivity of the

surface of the rubber sleeve is remain constant,

19. The method as claimed in claim 14 wherein the output of the

phototransistor directly depends on the distance between the flat top surface

of the rubber sleeve and the optical sensor since, the rubber sleeve is flexible

20. The method as claimed in claim 14 wherein the finger size is inversely
rélated to the distance between the top of the rubber sleeve and the optical

proximity sensor housed in the ABS framework.
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21. The method as claimed ih 'claim 14 wherein The LEDs are controlled in

a way such that they emit light with three different intensities.

22, The method as claimed in claim 14 wherein _the NTC thermistor

measures the fingertip temperature at the puip of the fihger.

23.  The method as claimed in claim 14 wherein the correlation coefficient
ié determined between finger size, ADCsignal value, Hb in g/, skin color
captured through experimental data collected from general outpatient sample

population.

24. The method as claimed in claim 14 wheréin based on correlation

coefficient plots , it is hypothesized to measure with an accuracy reasonable

_for an anemia screening, only parameters that to be measured are finger size,

transmitted infrared light through the finger and finger tip temperature and

determine reference table that is to be stored as reference LUTs at merhory,
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Fig.b 1: A finger probe
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| Fig. 3: X axis v'=WF'ivnger size; _
Y axis = the output from the silicon photodiode ( ADC values)
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Fig. 6: X axis = Skin colour (measured in grades of skin colour);

Y axis = the output from the silicon photodiode (ADC values)
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Fig. 8: Absorption spectrum of melanin
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