
CHAPTER 1

MOTIVATION

1.1 Introduction

Diabetes is one of the leading causes of death by disease all over the world. Accord-

ing to the World Health Organization (WHO), the number of the diabetes patients

in the world was about 130 million in 2004 and it is growing at a rate of 11% per

year which will result in 300 million cases of diabetes by year 2025 [16]. There

are several complications such as adult blindness, kidney disease, limb amputation

and cardiac vascular disease (CVD) due to the high level of blood glucose, associ-

ated with diabetes. However with careful management and continuous monitoring

these complications can be delayed and even prevented.

It is recommended that people with Type I diabetes in intensive therapy should

test blood sugar levels at least four times a day while those with Type II diabetes

do so twice a day [16]. It is difficult for a Type I diabetes patient to visit a medical

center four times a day and participate in clinical blood glucose testing mainly

due to the time constraints. Situation is the similar for a patient with Type II

diabetes although to a lesser extent. Thus, the demand for a non-clinical (home

based) blood glucose monitoring is increasing daily. As a result many portable

devices known as gluco-meters can be found in the market. However the accuracy

of these meters are questionable. Moreover these units use minimally invasive or

invasive techniques to determine the blood glucose level.

With the increase need of non-invasive methods in medical applications, there

have been numerous attempts at identifying methods of non-invasive glucometry.

For example blood glucose monitoring using optical spectroscopy, dielectric spec-
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troscopy (DS), and nano-technology based techniques are some of these methods

which have been looked at. As a result, in 2004, first non-invasive blood glucose

meter based on DS was launched to the market. However, subsequently it was

taken off the market as a result of accuracy and consistency of the measurements.

The main cause of this inaccuracy is the lack of understanding of the system under

test. In case of DS based technique, impedance of human skin is measured in order

to give an indication on blood glucose level. Without having a proper knowledge

of the electrical, chemical and physiological characteristics of skin and the tissue

layers beneath it, accurately estimating an index for blood glucose is not possible.

In this research a mathematical model of human skin is proposed. It can be

used to explain the variation of the skin impedance in relation to the blood glucose

level. It will provide the missing platform to analyze and improve the accuracy of

the resulting blood glucose index.

1.2 Statement of the Problem

Mathematical modeling of biological systems is valuable in analyzing and predict-

ing the behavior of it with the change of internal chemical composition and any

other external physical factors such as environmental temperature and humidity.

This study will propose a skin impedance model with parameters related to the

blood glucose fluctuation included. Such a model currently does not exist.

1.3 Significance of the Study

This research proposes a mathematical model of human skin in the presence of low

voltage, low current, high frequency ( 3 to 30 MHz) and very high frequency (30 to

300 MHz) continuous-wave signal transmission. The model proposes parameters

which vary with blood glucose level. Previously, most of mathematical models of

human skin have been developed for low frequency electrical pulses with either high

voltage or high current during small time intervals [9]. Moreover, those models

do not explain skin behavior with the change of blood glucose level and they do

not clearly explain the influence related to chemical composition of the skin to
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skin impedance, electromagnetic energy coupling through skin, and the influence

coming from type and size of the sensor used for impedance measurement. The

proposed mathematical model will consists of all these parameters represented by

individual factors in the model.

1.4 Outline

The remainder of this thesis is organized as follows:

� Chapter 2 contains background of the structure and dielectric properties

of human skin and derivation of different mathematical models for human

skin. Moreover, chapter contains information about blood, skin impedance

non-linearity and mathematical modeling of electrode-electrolyte interface.

� Chapter 3 provides an overview of the experiment procedure and the system

identification process which is followed in this research. Properties of the

signal source used to estimate skin impedance is discussed. Other relevant

factors such as temperature, force on a sensor and body movements that

may influence to skin impedance is also discussed. The transfer function for

the human skin model is also derived in this chapter.

� Chapter 4 presents the experiment results and the theoretical justification

for skin impedance variation with blood glucose fluctuation. Moreover, it

will present the basis of designing the sensor used for measurement.

� Chapter 5 presents the derivation of the skin impedance model and the

related parameters associated with he fluctuation of the blood glucose level.

The process highlights how the new model is derived based on existing skin

impedance models. The degenerate cases are also provided.

� Chapter 6 contains the conclusion and future directions.
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