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Abstract

Diabetes is a growing medical problem in the world today that typically requires control of the

blood glucose level of afflicted patients. Blood glucose concentration can be detected by using

glucose oxidase to convert glucose in a blood sample into gluconic acid. The pH of this sample

can be detected through the use of a pH indicator liquid whose colour change can be detected

through an apparatus detecting the luminosity of light  passed through the sample.  This device

would output a voltage based upon the luminosity detected. It can be more inexpensively created

through the use of a carefully chosen LED and Photodiode connected with a multi-mode optical

fibre. Detection can also be taken a step further by providing a rough calculation of the amount

of insulin the patient should inject to normalize his/her blood glucose concentration levels.  Use

of a general pH indicator such as bromocresol purple would allow for the device to be expanded

for  the detection of  other  chemicals  in  the bloodstream.  The  proposed  device  would  be  an

inexpensive,  variable optical fibre glucose biosensor with post-processing elements to calculate

suggested insulin  dosage. The theory behind this device, hardware design, experimental results

and efficacy are outlined below.

Key  words:  blood  glucose  concentration,  glucose  oxidase,  gluconic  acid,  LED,

Photodiode, multi-mode optical fibre, bromocresol purple, inexpensive, variable, insulin  dosage

calculation
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1 Introduction

1.1 Background

According  to  the  World  Health  Organization,  approximately  2.8%  of  the  world  population

suffered  from  diabetes  in  the  year  2000  [1].  Its  incidence  is  increasing  rapidly  and  this

percentage is expected to nearly double to 4.4% in the year 2030, taking into account aging alone

[1].  With the growing  prevalence  of diabetes in  the world  population,  the need to treat  this

affliction has increased. 

Currently  the  main  treatment  for  diabetes  is  self-regulation  with  advice  from a  health  care

professional.  Patients typically  use a blood glucose meter to detect their current blood glucose

concentration and then using past experience as well as advice from their healthcare professional,

prepare an amount of insulin  to be injected. The amount of insulin  to be injected varies based

upon patient sensitivity to insulin, the amount that will be consumed by the patient as well as the

age and body mass of the individual involved. However, the number of visits to the family doctor

by an individual with diabetes is estimated to be roughly 6.3725 visits per year or roughly one

visit  every 2 months [2]. This leaves a large gap in time in  which the patient  must rely upon

personal experience and advice from their family doctor that may be outdated. 

Improper  injection  of insulin  can  lead  to  abnormal  levels  of blood  glucose  in  the  patient’s

bloodstream which could lead to hypoglycemia if the injection made by the patient was too high

or  the  patient  may  enter  hyperosmolar  hyperglycemia  if  the  injection  made  was  too  low.

Symptoms of these states vary on the severity of the improper dosage as well and many other

patient factors. Symptoms of hypoglycemia include shakiness, sweating, confusion, irritability or

paleness  of the  skin.  Hyperosmolar  hyperglycemia  typically  causes  frequent  urination,  great

thirst,  nausea,  disorientation,  drowsiness  and even loss  of consciousness.  Both complications

from these diseases can be extremely dangerous to the patient depending upon what the patient is

doing or where the patient is at the time. Thus it is very important for the patient to always inject

the right amount of insulin to remain healthy.

1.2 Objective

The  primary goal will  be  the design of a  fibre  optic  glucose biosensor  with post-processing

directives to calculate recommended insulin dosage of the patient.

A  major  secondary  goal  would  be  the  expansion  of  said  device  to  track  other

chemicals/hormones that would be important for other diseases.

1.3 Approach

A  glucose  biosensor  will  be  developed  that  will  send  information  to  a  microcontroller  or

computer to be processed to extract the correct dosage of insulin required by the patient.
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glucose concentration. Newer electrochemical  biosensors use electrode “strips” in conjunction

with a small hand-held detector.

Spectroscopic glucose biosensors are the second common type of glucose biosensor [8]. These

sensors rely  upon dyes  marking  a certain  product  or reactant  from the equation. These dyes

include  pH indicators such as bromocresol purple or bromocresol red,  or chemical indicators

such as the dye  Prussian blue  which  detects for  the presence of hydrogen peroxide.  Light  is

shone  through  the  tested  sample  (usually  from a  laser),  into  a  photodiode.  The  photodiode

outputs a voltage based upon the luminousity of the light at its sensing element. One of the major

advantages  of  spectroscopic  glucose  biosensors  is  their  lack  of reliance  upon the  electrical

properties of the chemicals  being tested. This means that special films  do not need to prevent

contamination of the electrode, and that special electron carriers do not need to be developed.

Furthermore the sensing  element  on a spectroscopic glucose biosensor is  also not electrically

related to the reaction, thus noise from the electrochemical reactions does not affect the resultant

voltage from the sensor. This voltage can then be converted into a glucose concentration based

upon the calibration.

A third type of glucose biosensor is  currently in  development  that uses a specially  developed

membrane  that  expands  or contracts in  contact  with glucose  [4].  The  change  in  size  of the

membrane is  picked up by a piezoelectric  sensor. The resultant voltage can then be converted

into a glucose concentration.

2.2 Review of Sliding Scale Techniques

The second primary objective of this device is  the ability to read in the information from the

sensing element of this device and then convert the value received into a recommended insulin

injection value.  There are many important  factors that must  be considered when deciding  the

amount  of insulin  one must  inject.  These include:  current  blood glucose concentration,  body

weight, insulin sensitivity (especially in the case of type 1 diabetes), projected meal intake, age,

and many other personal factors [3]. The sheer number of factors required to estimate the insulin

a patient  needs can make  it  very difficult  to decide  the exact  amount  of insulin  to give to a

patient.  The sliding  scale  insulin  paradigm attempts to alleviate this  problem by providing  a

simple,  standardized way to calculate the amount  of insulin  that should be administered to a

patient  based on several of the above listed factors [3], [5]. This  provides  a simple,  easy-to-

follow method of finding the right amount of insulin to administer to a patient.

While there is a clear benefit to the use of the sliding scale paradigm, there have been found to be

several flaws to the original sliding scale method. The efficacy of past and present paradigms of

sliding scale insulin has been questioned due to their tendency to be used as a reactive measure

against  hyperglycemia,  which  means  patients  are  potentially  treated  only  after  reaching

dangerous levels [5].

Further research into the field however, yields that while sliding scale insulin used alone may be

dangerous to patient  health,  if  combined  with a fixed basal  dose control of a patient’s blood

glucose levels  can be made much safer [6], [3]. Instead of simply reacting to a patient’s high

blood glucose level, a basal is injected to ensure the patient’s blood glucose level stays within a

safe  boundary.  The sliding  scale  dose can then be used to further correct the patient’s  blood

glucose level to normal standards.
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3. Methodology

The device in development can be subdivided into two main parts: A sensing element and a post-

processing element.

3.1 Biosensor Design

The sensing element of the device will be used to detect the glucose concentration in a sample of

a  patient's  blood.  This  element  would  ideally  follow  the  standard  set  by  the  International

Standards  Organization  (ISO).  According  to  ISO 15197 blood  glucose  meters  must  provide

results within 20% of laboratory standards, 95% of the time. 

A possible  secondary objective  of this device is  to allow for the detection of other chemical

compounds in the bloodstream. This would allow for the monitoring of the treatments for other

diseases  such as the hormone  treatments for  Turner's  syndrome or Klinefelter's  syndrome.  It

would thus be ideal to develop a detection mechanism that can easily be modified or converted

for use in detection of other chemicals.

The  post-processing  element  of the device  would  be  used to  calculate  the proper  dosage of

insulin  that  would  be  required  by  the  individual  to  normalize  his/her  blood  glucose

concentration.  A formula  or look-up-table  would need  to  be created that  would relate blood

glucose  level,  body mass  index,  and  other  factors related  to  insulin  sensitivity.  In  the ideal

situation this  processing  would  take  place  on the  device  itself  so  as  to  allow  for  increased

portability  and  accessibility.  However  preliminary  testing  will  be  done  with  a  computer-

connected device for calibration and proof-of-concept purposes. The user interface also needs to

be user-friendly as the device should be tailored for use by the average person at home rather

than by their specialists.

Following the secondary objective of the sensing element, it would also be ideal to allow for this

element  of the  device  to  be used  for  other  diseases  that  require  drug doses based  upon the

concentration of certain chemicals in the blood.

The design of an accurate electrochemical  biosensor requires the use of doped membranes as

well as specially developed electron carriers, both of which were found to be extremely difficult

to create with the equipment available. A piezoelectric glucose biosensor would also be difficult

to produce, as well as largely unproven. Thus, it was decided that the sensing part of the glucose

biosensor would be based upon the spectroscopic method. 

The general idea of the spectroscopic method is  to detect the passage of light  through a dyed

substance.  The  choice  of dye  will  affect  which  product  or reactant  is  being  detected in  the

reaction. One example of a dye that has been proven useful in this respect is Prussian blue. This

dye  changes from clear  to blue  in  the presence of hydrogen peroxide and has an appreciable

absorbance between 600-1000nm. This chemical however, was found to be rare and expensive to

purchase. 

It is also possible to use a dye to detect for the production of gluconic acid. This is most easily

done using a pH indicator that changes colour based upon the pH of the solution. With higher

glucose  concentration  more  gluconic  acid  would  be  produced  when  catalyzed  by  glucose

oxidase.  This  would  lower  the pH of the solution and  subsequently  change  the colour  of a
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properly chosen dye. For this purpose bromocresol purple was found to be an interesting dye as

it had a large visibly effective pH range from 5.2-6.8, which is fairly close to the expected range

of the solution: 4-7. Research done into this dye revealed that its peak absorbance occurs at the

wavelength 592 nm, very close in wavelength to the colour yellow [7]. This makes bromocresol

purple (BCP) effective in the correct pH range, as well as a good inexpensive alternative to other

dyes (yellow belongs to the visible spectrum and is easier to find from a lighting source than an

infrared wavelength). Also, since this dye is a pH indicator, it  can be used to detect many other

chemicals in the bloodstream based upon their pH values when under reaction. It is for these 3

reasons that the dye to be used for the sensing element was chosen to be BCP.

Fig. 1 Absorbance Spectrum of Bromocresol Purple [7]

With the type of dye chosen,  the next  step was to choose the colour of the light  source and

photodiode to be used by the sensor. In order to get maximum resolvability from the detector it is

important that the light source be chosen to output a wavelength of light as close as possible to

the peak absorbance of the dye and that the photodiode be chosen to have a peak absorbance as

close to the dye's peak absorbance as possible.

In order to lower costs, an LED can be chosen as the light source instead of the typical laser. It is

not necessary for the light beam to travel for long distances, thus the precision and power of a

laser would be wasted. The introduction of an LED as the light source also allows the use multi-

mode optical fibre as the light  carrier  instead of a more-expensive  single  mode optical fibre.

Multi-mode optical  fibres  are typically  less  accurate than single-mode optical fibres  and are

usually rated for use when less than 900m of cable is required, a value that is far exceeded by the

amount of cable that will be used. 

Due to availability, LEDs with wavelengths of 585nm (yellow-light) were found to be the closest

match to the required wavelength. In order to maximize the resolvability of the output signal, it is

important  to  choose  a  photodiode  with  a  responsivity  as  close  to  the  LED wavelength  as

possible.  The  Panasonic  AMS302  photodiode  was  chosen  as  it  was  found  to  have  peak

responsivity at 580nm, extremely close to both the LED selection and the peak absorbance of
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bromocresol purple. Due to the choice of an LED as the light source of the device, almost any

type of optical fibre can be used to accurately transmit the light needed to the reaction platform.

In particular however, a TOSLINK fiber optic cable stands out for being affordable and easily

available.

Fig 2. Sensitivity Spectrum for AMS302 Photodiode

In order to transfer  data from the device  to the computer a microcontroller  with an ADC is

needed to convert the analog signal generated by the photodiode into a digital signal that can be

read by a computer. This microcontroller need not be particularly fast thus it is enough to choose

it  based  upon availability,  price,  operating  voltage and  ADC bit  size.  For  these reasons  the

McMaster PIC24HJ32GP202 module was chosen. While somewhat obsolete in most computer

devices,  the  RS232  serial  connection  poses  as  a  simple  way  to  transfer  data  from  a

microcontroller to a computer. Thus for a device prototype it will be more than adequate for use

as the data transfer  connector. The pin-out diagram below was used to correctly connect  the

needed wires for the data transfer.

Fig 3. UART Pin-Out Diagram for RS232 Connector
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With the information at hand, the early design for the biosensor section of the device was drafted

with plans to use 2 AA batteries as the power source (collectively 3V).

Fig 4. First Design of Biosensing Component

After further research into the RS232 connector however, it was discovered that 3V as the power

source alone would not be enough to force the serial connection on. 12V are needed in order to

keep the select bit  on. Thus a 9V battery was added to the design of the circuit  to create the

higher required voltage.

Fig 5. Second Design of Biosensing Component

With the basic circuit designed the next step was to design the platform where the solution would

be placed. The original idea was the use of 3 different fibre optic cables connected using a 2x1

fibre optic coupler or a splice similar to one of the designs found in a paper designing a glucose

biosensor with the Prussian blue dye.
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Fig 6. Reaction Platform Design from Literature Search [8]

It was discovered however, that fibre-optic couplers were expensive to purchase, easily reaching

3 or 4 times the cost of the cables that would be used. Their availability and lead times were also

found to be detrimental to project  completion. Similarly,  a splice was found to be difficult  to

perform with  the  equipment  available.  Thus  2  alternatives  were  developed  for  the  reaction

platform.

The first idea was to tie 2 fibre optic cables close together to attempt to cause the light beam to

bounce from one cable to the other. Early testing with the LED alone however, found that this

alternative was unreliable as very little light was reflected back to the second fibre optic cable.

The second alternative was to align the two fibre optic cables such that the beam of light would

pass  through  the  first  cable,  directly  into  the  second  cable.  While  prone  to  alignment  and

anchoring issues, it  was found that this alternative was much more manageable  than the first.

Using blue tack, clear tape, clear plastic and cardboard a prototype platform was developed that

aligned and anchored the two fibre optic cables together.

Fig 7. Reaction Platform Design

With  the  reaction  platform and  circuit  designed,  preliminary  designs  of the  biosensor  were

completed and the biosensor portion of the device was ready for testing.
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3.2 Post-Processing Program Design

The primary objective of the post-processing program requires for data to be collected from the

sensing element, and using that data to calculate the patient's recommended drug dosage. In order

to accomplish this, a formula or look-up-table will be needed to relate drug dosage to important

attributes of the patient. Through the earlier  literature search, the sliding scale insulin  scheme

was discovered as a means of estimating the insulin requirements of an afflicted individual. 

Under the sliding scale insulin program developed for this device there are 2 different types of

doses: a basal dose and a pre-meal dose. The basal dose is a fixed dose of insulin that is given to

the patient in the morning and the evening that is used to keep the patient's blood glucose levels

at a stable, safe amount during the day. The total dose from this basal amount is typically half the

dose recommended by the patient's doctor and is given 1/3 in the morning and 2/3 in the evening.

The pre-meal dose is a fixed or varying amount of insulin that is given to the patient to control

his/her  blood glucose level  after eating. This amount  varies  based upon the patient's  detected

blood glucose concentration, projected carbohydrate consumption amount, the patient's weight,

and the patient's insulin sensitivity factor.

The insulin  sensitivity factor is  a rough measure of the drop in blood glucose level caused by

each unit of insulin taken. There are 2 rules that follow this factor, the 1500 rule that is used with

short-acting insulin and the 1800 rule that is used with rapid acting insulin [3]. For simplification

purposes this device assumes the use of regular short-acting insulin, which is the most common.

All formulae used in the programming of this device can be found in its appropriate section in

the appendix.  The basic  outline  of the program to be designed can be  seen in  the flowchart

below.

Fig 8. Flowchart Outlining Basic Post-Processing Program
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Current post-processing design consists of a very basic text output with basic text input required

by the user in order to select the functions that they want to use. Future improvements to this

interface would be instrumental in improving accessibility.

An important decision for the post-processing program is the programming language that will be

used. While  the ideal  post-processing  program would be  accessible  to a  wide audience,  it  is

important for the program to also be able to handle the calculations quickly and accurately, while

also being easy to debug and program. The preliminary programming language to be used for

this  was  MATLAB  which  was  chosen  due  to  ease  of  the  language  as  well  as  its  large

mathematical toolset which is  useful and easy to use for many different  types of calculations.

Using the formulae and tables obtained from research into insulin dosage recommendations the

program was designed to read input from a serial port. The functionality to read data from a text

file was also added as a backup in case of poor serial port connection.

In addition to the base program, the post-processing paradigm requires 2 other text files. The first

text-file  labelled  InChart.txt is  a table  that  shows the amount  of insulin  required to control a

certain amount of carbohydrates. The second text-file  labelled patInfo.txt is a file  that contains

several important attributes about the patient including weight, patient's diabetes type (type 1 or

type 2), prescribed daily insulin amount and whether the patient follows a fixed or sliding scale

algorithm. These values along with current blood glucose concentration and time of day affect

the insulin dosage that will be recommended to the patient.

While  it  was  possible  to  program the  sliding  scale  portion  of  the  device  without  testing,

experimentation is  needed to find  the function that  would convert  the voltage read from the

photodiode  into  a  pH value  that  can  be  used  to  find  the blood  glucose  concentration.  This

calibration will be performed after preliminary test results are confirmed.

14



4 Results

4.1 Testing Limitations

Due to restrictions placed upon the project, human blood was not used in the testing stage of the

device. Several alternatives were proposed for the testing material.

The first alternative considered was a glucose oxidase (GOD), glucose and water solution. This

would  be  the most  direct  method of testing  the  blood glucose concentration as  it  replicates

almost all the key components of a blood sample.  However, glucose oxidase and glucose were

discovered to be difficult to find, as well as potentially expensive.

The second alternative considered was a solution of hydrochloric acid and water. This alternative

abuses the pH detection quality of the designed glucose biosensor by the simulating  the end

result  of  the  glucose  oxidase  catalyzed  reaction.  By  finding  the  pH  of  the  solution  using

stoichiometric calculations it is possible to estimate the amount of glucose that would have been

in  the  given  solution  had  the  solution  actually  been  made  from glucose  and  water.  While

promising, the pH level of pure hydrochloric acid was decided to be potentially hazardous.

The third alternative considered was a solution of water with food colouring. Food colouring

would be used to simulate the colours of certain pH levels of solution, following the same idea as

the previous hydrochloric acid idea. This solution would also remove the need to purchase the

pH indicator agent. However, since the colour spectrum of bromocresol purple is  not based on

one colour (the spectrum changes  from yellow  to purple  across the indicated pH range)  this

alternative is prone to inaccuracy as simulation of the required colours could be difficult with the

few food colouring colours available.

The fourth alternative  considered was a solution of vinegar  (5% acetic  acid by weight) with

water. This alternative is a much safer and cheaper version of the hydrochloric acid alternative

considered before. It is also useful due to the relative neutrality of a normal glucose oxidase and

glucose solution as the pH of blood is relatively neutral (7.35-7.45) and glucose concentration

levels are typically below 20 mmol/L.

4.2 Preliminary Biosensor Test

After deliberation the fourth alternative was chosen as the testing solution. The standardized test

solution was 100mL of water and a varying amount of drops of vinegar, with the final test being

pure vinegar. A saturating amount of bromocresol purple was added to ensure the deepness of

colour was standardized. The apparatus was set up as indicated in the diagram below with the

LED and photodiode aligned  with the TOSLINK fibre  optic cables  as straight  as possible  to

ensure maximum possible resolvability of the test results. The unprocessed results can be seen in

the chart below.
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4.3 Modifications and Further Biosensor Tests

Fig 10. Third Design of Biosensor Component

A simple non-inverting amplifier with a gain of roughly 10 (9.68 to be exact) was introduced for

the second stage of the experiment. This test was done following a similar setup, using similarly

prepared solutions. The tabulated results for this test can be seen below.

Table 2. Voltage Across Amplifier Output

Drops of Vinegar(Drops) Detected Voltage (V)
0 1.38

1 1.56

2 1.64

3 1.89

4 2.04

5 2.14

6 2.23

7 2.37

8 2.42

9 2.44

10 2.51

11 2.53

Pure Vinegar 2.62

Clear Air 2.75

From the above tabulated results it  can be seen that there is  an expected upward trend in  the

voltage that passes through the photodetector as the solution becomes more acidic just like the

first graph. However, this graph reveals a little bit more about the trend as more data was taken at

the upper and lower ends of the test range. 
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Fig 14. Sample Output for Pre-Meal and Basal Doses with 1.93V Input

Fig 15. Sample Output for Pre-Meal and Basal Dose with 2.11V Input
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5 Discussion

The results  from the design of this  biosensing  utility  have  yielded  promising  results.  All  the

graphs  obtained  from testing  show that  there  is  a  relationship  between the pH of an acidic

solution with BCP and the voltage detected by a photodiode when an LED is shone through. This

relationship was found to likely be of a high order polynomial (cubic, quintic, etc. all fit  fairly

well),  although  the  linear  model  can  still  fit  it  closely  (93.3%  correlation).  Also  while

confirmation of the final results could not be done with the tools and time at hand, the results

look fairly close to what would be expected as a proper insulin dose. 

During the testing of the device it  became apparent that there were several flaws with some of

the  choices  made.  Probably  the  biggest  flaw  with  the  device  was  its  reliance  on complete

alignment  of all  the pieces  for proper function.  The LED and photodiodes chosen were both

found to have a relatively small field of view, roughly 1mm x 1mm and roughly 0.3mm x 0.3mm

for  the  photodiode.  Proper  anchoring  and  alignment  of  the  LED  and  photodiode  to  their

respective  fibre  optic  cables  is  essential  to  obtaining  meaningful  results,  but  with  the  small

effective areas on these components it was difficult to accomplish. A small misalignment of even

0.1mm or 1 degree would change the output found at the end of the amplifier  from 0.12V to

2.5V. The makeshift  anchorings created to remedy this situation proved to be somewhat useful

for the LED and reaction platform alignments, but the photodiode’s viewing area was found to

be too small to create a reliable anchor. Instead it was necessary to test every angle and position

manually in order to get results.

It  would  have  been  ideal  to  compare  the  result  values  to  results  obtained  from commercial

glucose  biosensors.  Unfortunately  this  was  not  possible  with  the  tools  and  time  available.

However, the results can still  be taken as a proof that the concept of using bromocresol purple

with  an apparatus  consisting  of  a  proper  LED and  photodiode  pair  yields  a  functional  pH

detection device which can be used to estimate the concentration of an acidic substance.

6 Future considerations

While  the device as it  is  now is  far  from complete,  it  has already shown promising results.

Several modifications could be made to improve its performance and move it closer to reaching

its original design goals.

Firstly a few design changes could be made to the apparatus to increase its efficiency. A proper

housing unit for the LED, and photodiode which would connect to the fibre optic cables could be

designed to enable the sensor to perform much more reliably, reducing the amount of jittering

that currently needs to be done to ensure proper operation. This would help eliminate the errors

caused by misalignment of the components. A proper casing for the pH detection area could be

used in order to block out interfering room light, allowing for much more accurate detection of
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the pH in rooms with brighter lighting. A less noisy operational amplifier for the non-inverting

amplifier would also greatly aid the accuracy of the project,  as well as allow for the original

design  plan  to  transfer  data  through  the  microcontroller  with  much  better  resolution.  Also,

calculations done after the test of the biosensor show that realistic voltages taken from the sensor

should be between 1.90V and 2.11V. This is  a fairly small range,  thus a difference amplifier

could be implemented to increase efficiency of the device.

Secondly, currently all post-processing done by the device is tied to a computer with a RS232

serial port connection. If the device is to be tied to a computer it would be ideal to support a USB

or  wireless  connection  as  RS232  serial  ports  are  slowly  being  phased  out  of  use  from

contemporary computers. This was painfully apparent during the testing stage of the device when

a computer with a serial port to perform the testing was unable to be found. 

However, even more ideal would be to remove the requirement of the computer and program the

post-processing directly on the device's microcontroller. This would require an extra keypad be

added to  the device,  but  it  would go a long way to  improving the product's  portability and

accessibility to the masses.

Thirdly it  would likely be ideal to improve the user interface of the program to make it  more

accessible to patients as well as their doctors. The current program design requires the user to be

able to estimate the amount of carbohydrates that they consume with each meal. While this can

be extremely accurate if the patient knows the exact value, it  is  unlikely that a patient  would

know the carbohydrate count of all their meals to that degree. 

Also it would be ideal to allow doctors to program the device with the average daily intake they

prescribe directly. This could require the development of a better interface and/or a stand-alone

program to be created instead of its current ties to the MATLAB environment.

Finally, while this device was designed with the goal of providing support to diabetes patients, it

can just as easily be used to track the concentration levels of other chemicals in order to track

drug delivery of other  diseases.  The central detection aspect  of the  designed  biosensor  was

chosen as a pH detector with this versatility in  mind. As long as the chemical being tracked

causes  a  change  in  pH,  the  sensor  will  be  able  to  detect  this  change  and  with  proper

programming, output drug administration information.

In  the  future  a  discrete,  portable  device  not  much  different-looking  from  current  glucose

biosensors being used today would be the ideal. This device would have an easily accessible user

interface for both doctors and patients with not just glycemic control for diabetes, but also for

other track-able hormonal diseases. 
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Appendix A: Sliding Scale Insulin Formulae

Type 1 Diabetes Basal Dose Formulae

daytime low basal dose = 0.2*(patient's weight)*0.5*(1/3)

daytime high basal dose = 0.7*(patient's weight)*0.5*(1/3)

nighttime low basal dose = 0.2*(patient's weight)*0.5*(2/3)

nighttime high basal dose = 0.7*(patient's weight)*0.5*(2/3)

Type 2 Diabetes Basal Dose Formulae

daytime low basal dose = 0.4*(patient's weight)*0.5*(1/3)

daytime high basal dose = 1.0*(patient's weight)*0.5*(1/3)

nighttime low basal dose = 0.4*(patient's weight)*0.5*(2/3)

nighttime high basal dose = 1.0*(patient's weight)*0.5*(2/3)

*Note: Basal dose is 2 fixed doses of half the patient's average insulin intake given typically once

in the morning and once in the evening

Fixed Pre-meal Dose

low pre-meal dose = 0.5*(patient's weight)*(1/3)

high pre-meal dose = 0.5*(patient's weight)*(1/3)

*Note: This assumes 3 meals per day

Sliding Scale Pre-meal Dose

sensitivity factor = 1500/(total daily dose)

pre-meal dose = (blood glucose concentration)/(sensitivity factor) + (carbohydrates to be

        consumed)/(carbohydrate factor)

*Note: Total daily dose would be given by the doctor

**Note: carbohydrate factor is taken from the chart given in program design
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Appendix B: Programming Code

B.1 Post-Processing Program MATLAB Code
<ReadIn.m>

clc;

clear;

close all;

notdone = 1;

s = serial('COM1','BaudRate', 9600,'Parity', 'none','DataBits',8,'StopBits', 1);

while(notdone)

    TorS=input('Use Text-file(t) or Serial(s)? ','s');

    if TorS == 't'

        disp('Reading for TestIn.txt');

        PDin = fopen('TestIn.txt', 'r');

        voltage = fscanf(PDin, '%f');

        break;

    elseif TorS == 's'

        disp('Reading from serial port');

        pause(2);

        fopen(s);

        voltage = bin2dec(fread(s));

        break;

    else

        disp('invalid input');

    end

end

%calibration formula found through preliminary experimentation

pH = -6.6034*voltage^3 + 37.322*voltage^2 -72.381*voltage + 53.699;

%assume 100 ml of liquid in reaction vessel

vol = 0.1;

Hplus = 10^-pH;

%mol/L

hconc = Hplus/vol;

%convert to mg/dL, assume standard pH is 7.4

bgconc = (hconc-10^-7.4)*180.16*10*1000;
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display(bgconc);

%Opens a file with patient info: weight, type of diabetes, daily dose, and

%if they take fixed or sliding scale pre-meal insulin injections

patInfo = fopen('patInfo.txt', 'r');

patrInfo = fscanf(patInfo, '%d');    

%This section calculates the rough amount of insulin that should be

%injected by a patient in one day

if patrInfo(2) == 1         %if patient has type 1 Diabetes Mellitus

    low = 0.2*patrInfo(1);  %min/max insulin to be injected/kg

    hi = 0.7*patrInfo(1);   

else                        %else if patient has type 2 Diabetes Mellitus

    low = 0.4*patrInfo(1); 

    hi = 1.0*patrInfo(1);

end

avg = (low + hi)/2;

%Displays current time based on computer clock

c = clock;

timeOut = ['The time is now: ', int2str(c(4)), ':', int2str(c(5))];

display(timeOut);

baspm = input('Enter 1) for basal insulin dose, 2) for pre-meal dose: ');

if baspm == 1

    %This section handles basal insulin injection rates which are not affected

    %by current blood glucose concentrations

    if c(4) > 12

        baslow = low*0.5*(1/3);

        bashi = hi*0.5*(1/3);

    else

        baslow = low*0.5*(2/3);

        bashi = hi*0.5*(2/3);

    end

    bas = (bashi + baslow)/2;

    display (bas);

else

    %This section handles the amount of insulin to be injected before a meal,

26



    %this will be affected by current blood glucose concentrations as well as

    %the total calculated insulin to be injected daily

    tdd = patrInfo(3);          %this is the total dose of insulin regularly taken by the patient every

day

    totpmlow = low*0.5;

    totpmhi = hi*0.5;

    totpmavg = (totpmlow + totpmhi)/2;

    if patrInfo(4) == 0     %Check for fixed or sliding scale dose

        pmDoselow = totpmlow/3;   %assume 3 meals/day

        pmDosehi = totpmhi/3;

        pmDoseavg = totpmavg/3;

    else    %for sliding scale dose

        %this chart shows the avg amt of CHO each unit of insulin will cover

        %based on body weight

        inChart = fopen('inChart.txt'); 

        CHOChart = fscanf(inChart, '%d %d', [2 inf]);

    

        %look for corresponding CHO factor

        for i = 1:length(CHOChart)

            if patrInfo(1) < CHOChart(1,i);

                CHOFact = CHOChart(2,i);

                break;

            end

        end

    

        senFac = 1500/tdd;  %insulin sensitivity factor

        dec = bgconc-96;    %assume target 96mg/dL

    

        %find grams of carbohydrates to be taken in by meal

        CHO = input('How many grams of carbohydrates will be taken in? ');

    

        pmDoseavg = dec/senFac + CHO/CHOFact;   %add corrective dose with meal dose for

final dose required

        display (pmDoseavg);

    end

end
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<patInfo.txt> - This file contains important information about the patient. Namely the patient’s

weight, diabetes type, recommended insulin intake (from doctor) and whether the patient follows

a sliding scale or fixed dose paradigm for their pre-meal dose.

80

1

68

1

<InChart.txt> - This file  contains information about a chart comparing the amount of insulin

required to eliminate a set amount of carbohydrates based upon the patient’s weight. The left side

is weight in KG while the right side is the ratio of insulin units to 1g of CHO.

50 16

59 15

64 14

68 13

77 12

82 11

86 10

91 9

100 8

109 7

110 6

B.2 Microcontroller ADC C Program
#include "p24hxxxx.h"

void DelayNmSec(int time);

int main(void)

{

OSCCON = 0x33C0;

CLKDIV = 0x0000;

TRISA = 0xFF00;//Port A is Output

//Initialize the ADC

//Initializing AD1CON1

AD1CON1bits.FORM = 0; //unsigned integer form

AD1CON1bits.AD12B = 0; //10-bit ADC

AD1CON1bits.SSRC = 7; //autoconvert

AD1CON1bits.SIMSAM = 0; //no simultaneous sampling

AD1CON1bits.ASAM = 1; //sample immediately after last conversion
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//Initializing AD1CON2

AD1CON2bits.VCFG = 3; //external vref+ and vref-

//Initializing AD1CON3

AD1CON3bits.ADCS = 63; //ADC Conversion Clock

Tad=Tcy*(ADCS+1)=(1/40M)*64 = 1.6us(625Khz)

AD1CON3bits.SAMC = 1; //1 TAD

AD1CHS0 = 4; //Connect RB4/AB4 as CH0 input

AD1PCFGLbits.PCFG4 = 0; //Disable digital input on AN5

AD1CSSL = 0; //No Scanned inputs

AD1CON1bits.ADON = 1; //Turn on ADC

while(1)

{

DelayNmSec(100); //Delay a few cycles before output

while(!AD1CON1bits.DONE);

PORTA = ADC1BUF0; //Make output Port A

}

}

void DelayNmSec(int time)

{

int j;

for (j = 0; j < time; j++)

{

//delay time

}

}
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Appendix C: Design Schematics

C.1 Biosensor Designs

First Iteration

Second Iteration – 9V battery added to enable data transfer to PC
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Third Iteration – Non-inverting amplifier added to boost photodiode output

C.2 Reaction Platform Design

Reaction Platform Design – Side View

Reaction Platform Design – Top View
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Sample Outputs
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E.1.2 ADC Registers
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E.1.3 Microcontroller Pin Diagram

*note microcontroller is slightly different from this, but still uses the same general pin-out

 

E.2 UART RS232 Pin-Out Diagram
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E.3 Photodiode Datasheets
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E.4 Bromocresol Purple MSDS
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E.4.a Bromocresol Purple Spectrum
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