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Abstract:

Glucose (C6 H12 06) is a carbohydrate [1] is a source of energy for human body
and is a pre-cursor to the synthesis of ATP (Adenosine Tri Phosphate). In Human body,
blood Glucose concentration is highly regulated by the hormones Insulin and Glucagon
generated by Pancreas. When the pancreas fails to generate enough of these hormones at
the required level, it causes Diabetes in the human body. Diabetes is a chronic disease that
is characterized by high or low levels of Glucose in the blood stream. In order to control the
disease, it is required to keep the blood Glucose levels within the specified limit.
Glucometers are portable handheld devices used to measure the blood glucose with a
specified range. This paper discusses about the steps taken to design a Glucometer using
Nano structured metal oxide biosensors controlled by the Altera Cyclone based FPGA
EP1C3T144C8. Attempts will be made to study the response time of Glucometer using the
nanostructured metal oxide biosensors along with the Glucometer measurement circuits.
Index Terms: Diabetes, Nano structured, Biosensors & Glucometer
1. Introduction:

Diabetes Mellitus has affected large number of people over the last decade and
the disease is characterized by the deficiency in the production of hormones like Insulin
and Glucagon, which control the Glucose level in the human body. Insulin is generated
when high levels of Glucose are detected in the blood stream. It is generated by Beta
cells [1] of Pancreas. Glucagon is generated when low levels of Glucose are generated in
the blood stream. Alpha cells of Pancreas generate it. If there is any deviation in this
Glucose regulation process, it causes the Glucose level to go up or low. Because of this,
measuring the levels of Glucose in the humans has become increasingly important.

Diabetes is of three types- Type 1, Type 2 and Gestational diabetes. Type 1
Diabetes is normally found in Children and young adults. People suffering from Type 1
diabetes have their human body does not produce Insulin at all. Type 2 Diabetes is
found commonly among the majority of the population. Gestational diabetes is found
during pregnancy.

Glucometers are devices, which are used to measure the Glucose level in the
human body. There are several types of Glucometers available in the market, like Accu-
check, Contour Next EZ, Freestyle Insulinx, Nova Maxplus etc. Some of the factors, which
could differentiate between these Glucometers, are the materials used for sensing the
Glucose level, accuracy of detection, size of the Glucose sample solution, sensitivity,
reliability of monitoring and stability.

Nanotechnology [5] has opened greater opportunities for exploring Glucose Bio
sensing applications through the use Nano structured materials. Nano structured metal
oxides like ZnO, Cu Oxides, MnO2, TiO2, Ce02, Si02, ZrO2 are materials, which can be
used as Bio Sensors and they fall under one of the operating principles of
Amperometric, Potentiometric, Impedimetric or Conductometric Glucose sensing. Each
of these metals oxides is characterized by different sensitivity, fast response times and
stability for the determination of glucose.
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We will be studying the sensitivity and response times for these nano-materials
and use them those materials to develop a Glucometer using Altera Cyclone based
EP1C3T144C8 FPGA.

2. Literature Survey Overview:

Development of Glucometers started about 40 years ago [7] and since then there
has been constant progress in the field of blood Glucose meters. The 1980s was an
active period more number of Glucometers evolved based on various parameters and
features like size, easy of use, design etc. Later, biosensor strip based Glucometers
became available which binds with the instruments with the strips manufactured. These
strips follow the electrochemical principles to measure the blood Glucose levels.

Emergence of metal oxide based Glucose sensors contributed to a highly
sensitive, cost effective means by Glucose level could be measured. The last two decades
[5] more effort has been made for the detection of glucose based on Nano structure
metal oxides and their composites. These metal oxide based Glucose sensors has many
functional properties like sensitivity, detection limit and response time which could be
used appropriately to design an efficient Glucose sensing system.

3. Methodology:
3.1 Basic Block Diagram:
The Basic block diagram of the proposed Glucometer is shown in the figure

below:
Amplifier FPGA Based
Nano Structured Current To / Glucose Meter /
Metal Oxide Voltage Converter Filter Reader
based Glucose

Bio Sensor

Figure 1: Basic Block diagram of Glucometer

Glucometer consists of mainly 4 blocks, which forms the complete system. They
are:

i. Glucose Bio sensor

il. Current to Voltage conversion

iii. Amplifier/ Filter (if required)

iv. FPGA Control unit

The Glucose biosensor block in the current work proposes to use the
nanostructured metal oxide based biosensor. The detected current from the
nanostructured biosensor from the Glucose will be converted to an analog voltage,
which would be amplified and filtered. The resulting output will then be converted to
digital format by the analog to digital converter and used by the FPGA module to do the
control processing.

3.2 Metal Oxide based Nano Structured Glucose Bio Sensor:

Bio Sensor research [5] started with enzyme based Glucose Bio Sensor on
various principles like Amperometric, Potentiometric and Impedimetric or
Conductometric technique. Amperometric Glucose sensing works on the principle that
GOx (Glucose Oxidase) catalyzes the Oxidation process of Glucose to Gluconic acid. The
Glucose bio-sensing strip contains three Electrodes namely Reference Electrode (RE),
Counter Electrode (CE) and Working Electrode (WE). Parameters like temperature,
humidity and toxic chemicals bind the activity of enzymes in the enzyme-based sensors.
In order to overcome this problem, enzyme free sensors are considered. But the enzyme
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free sensors have selectivity and sensitivity issues and hence highly selective and
sensitive, reliable and fast enzymatic/non-enzymatic sensors are considered. Metal
Oxide based sensors are very sensitive, relatively inexpensive and have advantage of
rapid response associated with specific nanostructures such as nanowires, nanotubes,
nanoparticles, nanofibres etc., [5].Attempts will be made to study these sensors
combined with metal oxides in order to synthesize a highly efficient Glucose bio sensor.
3.3 Trans Impedance Amplifier:
The current from the Glucose Bio Sensor is converted into Voltage by the trans-
impedance amplifier. This current is proportional to the Glucose concentration, which is
provided as an input to Glucose Bio Sensor.
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Figure 2: Circuit diagram for Trans-Impedance amplifier
The formula for the output voltage of the Trans Impedance amplifier is given by:
Vout = I Working Electrode * Resistance
3.4 Analog to Digital Converter:
The Analog to Digital Converter is used to convert the Voltage into 8 bit data,
which is provided as an input to the Altera Cyclone FPGA. The Circuit diagram of the

ADC, to be used in the Glucometer, is shown below:
8 BIT ADC CIRCUIT
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Figure 3: Circuit diagram for ADC
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In the circuit shown, the analog input is given to the pin 6 of ADC 0804. The voltage
Voutfrom the Trans Impedance amplifier is fed as an analog input to the ADC 0804. This
analog input is converted to an 8 bit digital value and fed to the Altera FPGA for further
processing.

3.4 Altera Cyclone FPGA:

Altera Cyclone FPGA (Field Programmable Gate Array) family is based on 1.5V,
0.13um, and all layer copper SRAM process with densities up to 20,060 logic elements
(LEs) and up to 288 Kbits of RAM. Cyclone devices contain a two-dimensional row and
column based architecture to implement any custom logic. Column and Row
interconnects of varying speed provide signal interconnects between LABs and
embedded memory blocks.

Altera Cyclone EP1C3T144C8 is 144 pins FPGAwhich provides the control
functions of the proposed Glucometer. The block diagram of the proposed system is
given below:

< DAC
Biasing Voltage

L 4

ADC

> LPF
MNano structured Metal Oxide
based Glucose Bio Sensor

Trans Impedance Amp

Glucose Level Reader

(4

FPGA

Delay

<~

LCD

Figure 4: Block Diagram of the proposed Glucometer

The core elements of the Glucometer are the Nano structured Glucose Bio Sensor
and the FPGA. The FPGA uses modules like Timers, LUT (Look up table), SRAM and
Delay blocks in the control software. The timers are used whenever it is required to
wait for stabilization time or during initialization. The SRAM block is used to store the
previous read Glucose levels. The control software is written in VHDL, which is then
simulated to check the functionality of Glucometer.
3.5 LCD Display:

LCD (Liquid Crystal Display) screen is an electronic display module and find a
wide range of applications. A 16x2 LCD display is very basic module and is very
commonly used in various devices and circuits.
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Figure 5: Pin out diagram of LCD Display
These modules are preferred over seven segments and other multi segment LEDs. The
reasons being: LCDs are economical; easily programmable; have no limitation of
displaying special & even custom characters (unlike in seven segments), animations and
Sso on.

A 16x2 LCD means it can display 16 characters per line and there are 2 such
lines. In this LCD each character is displayed in 5x7 pixel matrix. This LCD has two
registers, namely, Command and Data.

The command register stores the command instructions given to the LCD. A
command is an instruction given to LCD to do a predefined task like initializing it,
clearing its screen, setting the cursor position, controlling display etc. The data register
stores the data to be displayed on the LCD. The data is the ASCII value of the character
to be displayed on the LCD.

3.6 Algorithm:

Wait for Glucose detection [
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Figure 6: Flow chart for the Glucometer functionality
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The flow diagram for the Glucometer functionality is shown below. Initially the
Glucometer waits for the solution to start the detection. Till the Glucose solution is
detected, it remains in the waiting mode. Once the Glucose solution is detected by the
Glucose biosensor, the current will be generated from the biosensor proportional to the
concentration of Glucose and this current will be amplified and converted to analog
voltage using the trans-impedance amplifier. The voltage is then filtered to remove any
unwanted noise.

This analog voltage is converted into a digital format using the ADC circuit and
performs extrapolation using the Look up table. Once this is done the Glucose reading is
obtained and displayed once the stabilization of the voltage reading is completed.

4. Result Analysis:

The C-V curve for the synthesized Glucose biosensor is taken and it is used as a
reference for the design of ADC, Trans impedance amplifier and also to work on the
FPGA Software design. Using the curve, the Current for various Glucose concentration
levels are taken and a linear curve is constructed by plotting the values with ADC
voltage on the x-axis and the Glucose level on the y-axis. With the resulting curve, the
slope (m) and the constant (c) are calculated. Then for any glucose level concentration,
the software extrapolates the reading of the Glucose level using the equation y = mx+ c.

The table below shows the comparison of some of the parameters tried out by
previous works [3] in the field of Glucometer.

Comparisons of Previouswork

The differences Mcu PC This Project
ALTERA CYCLONE
Cantrol Unit ATMEG A 161 PC & NI DAQ Card EP1C3T144C8
Controller Type Micro Controller based Micro Controller based FPGA Based
Frequency 16 MHz NA f6 MHz

Linearity and Accuracy 0.5715 0.5715 TBD

Measurement Time 15 seconds 15 seconds 10 seconds(expected)
Table 1: Comparison of Previous work
5. Conclusion and Future Work:

The ADC, Trans Impedance amplifier and FPGA software are designed and
constructed, using the sample value of the C-V curve for the Glucose Bio sensor. The
readings of the Glucose level will be displayed on to the LCD display module. The future
work involves the development of Nano-structured metal oxide Glucose sensor. Using
this sensor, the reading of the Glucometer will be obtained and verified against the
existing products of Glucometers available in the market
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