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Abstract: This paper intends to discuss the important points related with the design and development of the noninvasive
blood glucose monitoring medical device. The advent of a pain free noninvasive technology would improve the
patient’s compliance for regular blood glucose monitoring. Subsequently the diabetic patient’s life will improve
considerably. The feeble signals produced by the glucose molecules provide the main difficulty in its optical detection.
The weak sensitivity, specificity, water molecular spectral overlapping related to the glucose molecules needed to focus
for the optimal advancement in this field. Moreover, the skin tissue based scattering, reflection pattern, transmittance
plays the major role for the application of the noninvasive based optical techniques. This manuscript critically analyses
the difficulties and short comes during the near infrared and mid infrared technique based noninvasive blood glucose
monitoring processes. Some vital points are targeted and their optimal solution related issues are identified and
discussed here.
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I. INTRODUCTION
Diabetes mellitus refers to a physiological metabolic disorder in which elevated blood sugar levels prevails in
uncontrolled manner. Usually millions of peoples in the USA and worldwide have been suffering from this metabolic
disorder [1-4]. At present various types of commercialized invasive glucometer is available in the market for monitoring
blood sugar levels [1,2]. Various symptoms like increased hunger, thirst and urination often indicates the high sugar
levels. Diabetes mellitus is subdivided in to two major types known as Type 1 and Type 2 diabetes mellitus [1-4]. In
Type 1 diabetes or juvenile diabetes, the beta cells of the pancreas were destroyed due to certain pathological conditions.
This phenomenon results in absolute insulin scarcity. Insulin scarcity fails the normal blood glucose regulations. Type 1
diabetes is often genetically inherited [1-4]. Almost 50-60% of the young diabetic population belong the category of
Type 1 Diabetes [1-3]. Resistance to insulin production triggers the symptoms known as Type 2 Diabetes. Sedentary
lifestyle often leads to Type 2 Diabetes [2, 3, 4]. Generally, the populations belonging to the high physical activity,
energetic lifestyle, with no-smoking habits are less prone to diabetic related difficulties [1-4].
At present with advent of invasive glucometer, the individuals can monitor their respective blood glucose levels at
home. The invasive blood glucometer monitoring process is painful and costly. Tight blood glucose regulation is needed
for effective blood sugar management. The painful and cost related factor often hinders the continuous blood glucose
monitoring [2,3,4]. The noninvasive pain free approach would come up with clinically effective blood glucose
monitoring [1-4].
This paper is structured as follows: Section | provides brief introduction about the diabetic predominance world-wide.
Section 11 describes the methods involved in the noninvasive detection of blood glucose. Section 11 depicts the design
based limits and its challenges. Section IV describes the mathematical model utilized for the blood glucose
measurements. Section V illustrates the optical based absorption techniques. Section VI demonstrates the
instrumentation scheme for the noninvasive glucometer. Section V11 provides the conclusion of the paper and references
were given later on.
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1. OPTICAL TECHNOLOGY BASED NON INVASIVE BLOOD GLUCOSE DETECTION METHODS

Optical technology based sensors were utilized in the biomedical field for various diagnostic purposes. These methods
needed blood and tissues samples for their respective characterizations. Various optical methods have been engaged for
non invasive blood glucose detections. They are as follows:

The Infrared Spectroscopy utilizes both the absorption & scattering phenomenon of the light when directed over the
sample tissues for analytical purposes. The light and sample tissue interactions produce molecular specific vibrational
information of the absorption and scattering phenomenon in the infrared spectral domain [5-7].

The Raman Spectroscopy utilizes the scattering phenomenon of the light. When a monochromatic beam of a laser light
is irradiated over the sample tissue, the scattering phenomenon is produced due to the molecular vibrations and
oscillations. The degrees of scattering for specific molecules (glucose) are purely dependent on its concentrations levels
[8-10].

The Fluorescent spectroscopy utilizes the fluorescence produced from the sample tissue when illuminated by the light
of specific wavelength. The glucose solution emits fluorescence in the spectral domain of 340 to 400nm when
illuminated by the ultraviolet laser beam of 308nm. Here the intensity of fluorescence is proportionate to the glucose
concentrations in the solution [2].

The Thermal Spectroscopy utilizes the emission of infrared light as compared to the glucose absorption. The extent of
infrared emission matches the quantity of the glucose present in the target area of the body part [2].

The Photo acoustic technology utilizes the laser light for the body fluid excitations and it acoustic response is
determined for the blood glucose level detections [2].

The Optical Coherence Tomography (OCT) utilizes the super luminescent light, an interferometer associated with the
reference arm and the sample arm and the photo detector. When the incident light beam is backscattered from the tissue
complex, the change in the sample arm reflecting light wavelength and the reference arm reflecting light wavelength is
compared. The delay correlation between them is determined for the blood glucose level predictions [2,11].

The Ocular Spectroscopy utilizes the specially designed hydrogel based eye contact lenses. The lens used change color
depending up on the glucose concentrations. These color change serves as the tool for blood glucose detections from the
tears of the diabetic subjects concerned [12,13].

With the rise in the diabetic population, the noninvasive approach for the blood glucose measurement has been the
demanding need of the medical sciences [1-4]. Blood glucose determination without pain and finger piercing method
has added to the noninvasive glucometer popularity [2-4]. This research paper discusses the design issues and
countermeasures required for the effective noninvasive infrared spectra based glucometers.

I1l. DESIGN LIMITATIONS & CHALLENGES

In optical technology based noninvasive blood glucose measurement, the living tissue is utilized. The living tissue by
virtue of being living is subjected to various, continuous change in the physiological conditions. Moreover, the glucose
molecule specific signal is very feeble and mostly overlapped by the water molecules. The actual difficulties and short
comes occurs during the infrared light based measurements are as follows:

(a) Instrumental difficulties in the acquisition of the precise absorption spectra: Very small quantity of glucose is
present in the tissue and blood matrix, causing its difficult detections. Spectral signals acquisitions under goes difficulty
due to low glucose signals [2-4,14,15]. The infrared spectroscopy based measurement for in vivo conditions are
influenced by numerous and dynamic reasons like machine drift, time drift, noise from the background medium, extend
of signal to noise ratios, room temperatures, subject medical conditions, sweating of the skin layers, light absorption,
reflection, scattering induced phenomenon, etc [14,15].

(b) Calibration model: its features and robustness: The calibration model for noninvasive blood glucose detection is
designed based on various statistical and experimental tools [2-4,14,15]. The model building key factors includes: blood
pulsatile nature of flow, room temperature, climate based humidity, variable pulse rate, osmolarity of the glucose
molecules and the body fluids, heart rate, subject emotional status, skin pigmentations, etc [2-4,14]. Again, these factors
may cause serious impaired results. The degree of factorial effectiveness over blood glucose level fluctuations must be
considered carefully [14,15].
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(c)The spectroscopy instrument and human interfacing: The spectroscopic findings vary from subject to subject
depending on the temperature conditions, motion artifacts, skin dryness, angle of contact, body positions, nature of the
measuring sites, etc. To remove all these hurdles in the signal acquisition process, unique algorithmic or mechanical
schemes are to be engaged for filtering out such unwanted signals. These approaches will help in designing human
friendly spectroscopy machines for the noninvasive blood glucose detections [2-4, 14,15].

(d) Measuring the light photon travelling scheme: The light passing through the biological tissue subjected to the
absorption and scattering phenomenon. All these factors deviates the light from following the shortest straight path [2-
4,14]. All the light photons that are received at the detectors are those bunches of photons which had travelled through
different optical path lengths of varied optical characteristics. Therefore to determine the area specific glucose
concentrations, the shortest straight light route must be identified [2-4, 14,15]. The signal to noise ratio plays an
important role here [2-4, 14,15].

(e) Effect of the surrounding medium with different frame of the time periods: All the physiological process of
human body keeps on changing depending up on metabolic rate, emotional status, etc. These ever changing factors
create problems for the accurate blood glucose determinations in the real time scenario [2-4, 14,15]. To overcome this
difficulty a suitable and universally acceptable measurement approach is desired [2-4, 14,15].

IV. BLOOD GLUCOSE MEASUREMENT USING MATHEMATICAL MODELING

The Near infrared and Mid infrared spectroscopy detects blood glucose through indirect determinations. The
multivariate approaches have been utilized to correlate the input and output of the sample concentrations, which is
dependent over these key factors:

a) Stable and good signal to noise ratios for precise and steady measurements.
b) The output of the spectroscopy methods is dependent on the instrumental condition, sample quality and reaction
Kinetics, etc [2-4, 7, 14,15].

V. OPTICAL ABSORPTION TECHNIQUES
The Lambert-Beer law accounts for the light intensity change on the sample light path by a specific wave number (v), of
the wavelength, where the Absorption is denoted as (A). This incident is represented as follows:
A (V) =-log I (V) /1o (V) @)

Where (I, ) referred as light intensity of the medium, (1) expressed for the amount of light intensity at the specific wave
number (v) [16-21]. For glucose molecule identification, usually the optical absorption spectroscopy in the near and mid
infrared is applied. The figure 1 and 2 depicts the absorption spectra for the aqueous glucose solution in the Near (NIR)
and Mid (MIR) infrared spectral domain. The water based absorption pattern has been omitted [7].
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Figure-1. The figure represents the glucose molecule based optical absorption spectral pattern at the MIR (Mid Infra Red) region
extending from 1600 to 900 cm™*. Adapted from the Reference [7]
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Figure-2. The fi(lyure represents the glucose molecule based optical absorption spectral pattern at the NIR (Near Infra Red) region extending from
5000 to 4000 cm™. Adapted from the Reference [7]

VI. GENERALIZED INSTRUMENTATION SCHEME FOR NON INVASIVE GLUCOMETER

The block diagram illustrates the noninvasive blood glucose sensing system. Light source includes a 940nm LED (Light
Emitting Diode). This infrared light is used as input signal propagates through the sample/finger holder unit. During the
propagating phase, the IR light interacts with the molecules present in the medium. The resultant output signal is
detected by the array of infrared sensitive detectors. After that, the signal is digitized and amplified. The digital output
signal is processed in microchip by the specially designed algorithm to detect the blood glucose levels. The blood
glucose level is then displayed electronically through the digital monitor.

Analog to
940nm Sample/ Array of Digital Microchi Digital
! p Lp y Ly icrochip | igita
(LED) Finger Infrared Co\r;\\//i(irr]ter Monitor
Holder Detectors Amplifier

Figure 3. Depicts the Noninvasive blood glucose sensing system.

VII.CONCLUSION

The alarming increase rate of the diabetic population has been the great matter of concern now a day. The clinically
effective noninvasive technology will be helpful in active control over the blood glucose levels regulations [22-24].
This paper shows the critical and necessary issues related to noninvasive technology developments. The new
noninvasive glucometer with accurate blood glucose detection capabilities will dominate the commercialized
glucometer market in near future. Technologically we are at beginning phase for the noninvasive blood glucose
detection techniques. The result oriented teamwork of various group of scientist is needed for productive results in this
area.
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