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Abstract  
Continuous monitoring of physical activity for diabetic individuals provides important 

information regarding energy expenditure. This device makes use of both heart rate sensing and 

full body acceleration to measure physical activity. Energy expenditure is calculated using an 

algorithm which determines the amount of activity occurring. The output of the calculation is 

displayed in carbohydrates to allow for the patient to make better informed decisions regarding 

blood glucose level adjustment. 
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Executive Summary  
Diabetes is a disease characterized by the body's inability to produce or properly utilize 

insulin, the hormone which allows for the cellular absorption and metabolism of glucose [1]. As 

a result of this inability to maintain stable glucose levels, diabetic individuals must be aware of 

their glucose levels as related to their daily activities. 

The largest dietary concern for an insulin dependent (Type I) diabetic individual is 

carbohydrates, as they break down into glucose.  To ensure an even distribution of carbohydrate 

ingestion, a Type I diabetic individual makes adjustments to their insulin dosage based on the 

carbohydrate content of a meal.  Similarly, a diabetic individual needs to compensate for 

carbohydrates burned during exercise through both reduced insulin dosages and increased 

carbohydrate consumption. 

Activity monitoring devices available today provide valuable information, however they 

are not tailored to calculating energy expenditure in real-time for diabetic individuals.  When 

used in combination, heart rate and accelerometry are two valid parameters for determining 

physical activity [2, 3].  A device that uses these parameters to calculate the user's carbohydrate 

usage could be used as a noninvasive approach to blood-glucose management. 

This project developed an activity monitor which utilizes an algorithm to determine 

energy expenditure through the measurements of heart rate and full body acceleration.  As 

opposed to Actiheart, a comparable device which displays caloric usage retroactively, the device 

outputs energy expenditure in terms of carbohydrates in real-time [3]. 

The first activity monitor device for diabetic individuals was designed by an Major 

Qualifying Project (MQP) team in 2007-2008. They were able to confirm an appropriate system 

for obtaining accurate heart rate and tri-axial full-body acceleration.  However, the device had 

many design issues that made it impractical for daily use. The goal of this MQP was to improve 

the original design.  

Much like the previously designed proof-of-concept device, the newly designed device is 

composed of two parts ï the signal acquisition module, and the display module. 

The electrode based ECG system from the 2007-2008 project was replaced with a Polar 

system in order to make the device more wearable.  This system is composed of a Polar strap 

with a built-in transmitter and a receiver. The transmitter is worn around the chest and 

electrically detects the heart beat. It transmits a magnetic signal for each heart beat it detects.  
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The receiver wirelessly detects this signal, and upon arrival of a pulse, outputs a 1 millisecond 

digital pulse. The difference in time between the two most recent pulses is used to calculate an 

instantaneous heartrate.  Wireless communication between the transmitter and receiver is 

completed in a low frequency electromagnetic field which must be aligned in parallel in order to 

obtain optimal performance.   

In the current design, the accelerometer and filter circuitry is encased in the Polar 

package.  The accelerometer outputs three voltages for the x, y, and z axes; these signals 

fluctuate around a zero-g offset (a fixed voltage representing no acceleration in the direction of 

the axes).  When the three axial outputs are summed, the result includes only voltage outputs 

from the accelerometer due to movement.  The zero-g voltage, which results from no movement, 

and therefore no energy expenditure, must be eliminated from the axial outputs before they are 

summed.  

Digital filtering of the three axial accelerometer outputs is performed using a Quickfilter 

chip. The output of the digital filter is rectified, summed, and counted by software implemented 

on a microcontroller. The accelerometer count is then wirelessly transmitted to the display 

module via a pair of ZigBee devices. 

The best method to calculate energy expenditure from heart rate and accelerometer 

counts was developed by Actiheart [25].  Using a branched equation model, the Actiheart 

algorithm uses parameters such as the subjectsô age and gender and variable parameters such as 

heart rate and accelerometer counts to determine kilocalories per kilogram minute that are 

burned.   

To tailor the device for individuals with diabetes, a process is needed to convert 

kilocalories to carbohydrates.  The process involves determining the amount of carbohydrates 

burned during certain activities.  The highest amount of carbohydrates is burned during 

anaerobic exercise, while the most fat is burned during light aerobic exercise.  In the absence of 

oxygen, muscles burn carbohydrates supplied from glycogen, which breaks down into glucose.  

In the presence of excess oxygen, muscles will use fat for energy.  The process works similar to 

the Actiheart algorithm in that the ratio of carbohydrates to fat being metabolized varies with 

accelerometer counts.   A modification has been made to the Actiheart algorithm which converts 

energy expenditure in terms of caloric output into a carbohydrate expenditure via ratios based on 
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an individualôs weight.  This algorithm will henceforth be referred to as the modified Actiheart 

algorithm.  

The display module consists of a microcontroller with an LCD display and four input 

buttons.  The microcontroller is responsible for both signal analysis and user interface, and works 

in two separate states: parameter input state and analysis state.   

The device enters the parameter input state as soon as it is turned on. Here, the user is 

prompted to enter first their gender (1 for male, 0 for female), then their age, and finally their 

weight.  Numerical values are inputted on a button-to-button basis in which each placeholder 

button scrolls through the values available for that place for each input.  For example, during 

gender input only the fourth button may change, and it may only be 0 or 1. This is to ensure that 

it is easy for the user to correct mistakes.  The values selected by the user are entered by pressing 

the first button.  The data entered during the parameter input state is stored and sent to the 

modified Actiheart algorithm for use in the analysis state.   

The device then enters the analysis state.  During the analysis state the chip continuously 

receives signals from the accelerometer and heart rate monitor, converts them into counts per 

unit time, and displays the result.  Results are displayed in a five-second cyclic manner.  In this 

state, the cumulative carbohydrate value calculated using the parameter values entered is 

available to the user on call via the second button.  To reset the carbohydrate count to zero the 

user may press the first button.  

Approval for human subject testing was received through the WPI Institutional Review 

Board (IRB). This process included creating a study protocol, a case report form, and a consent 

form. Before obtaining final approval the group participated in online training through the 

National Institutes of Health (NIH). Once approved the group was able to test the device on 

students attending WPI on a volunteer basis. 

In order to ensure that our device performs as well, if not better than, the previous device, 

we will be calibrating our device using the algorithms and tests from the first study period. 

 These tests include simulating everyday activities such as washing dishes and climbing stairs, in 

addition to walking/running on a treadmill at three speeds.  Each activity will be performed for 

five minutes to allow for heart rate and accelerometer stabilization and readings will be taken for 

the last minute. These results are forthcoming. 
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1  Introduction  

Insulin is the hormone responsible for the cellular uptake of carbohydrates and sugar 

within the body.  It is produced within the pancreas in response to the presence of glucose in the 

blood [5]. When blood glucose levels increase, the levels of insulin produced increase 

respectively.  The American Diabetes Association (ADA) defines diabetes as ña disease in which 

the body does not produce or properly use insulin,ò [4].  In a diabetic individual, the body does 

not produce enough insulin, or does not recognize its presence and thus does not properly use it.   

Currently there are 23.6 million Americans with diabetes, which composes approximately 

7.8% of the population [4].  There are three types of diabetes: gestational, Type 1, and Type 2.  

Gestational diabetes occurs in pregnant women when the hormones required to create the 

placenta also block insulin reception.  This is called insulin resistance and occurs in 4% of 

pregnant women annually and normally disappears after the baby is born.  Thus, this project is 

not focused on cases of gestational diabetes, but rather Type 1 and Type 2 diabetes.  In Type 1 

diabetes, formerly known as juvenile diabetes, the body hosts an immune response against its 

own, insulin producing islet cells, resulting in the inability to produce insulin.  Clinically, 

diabetes is diagnosed through a fasting plasma glucose test (FPG).  To perform an FPG test the 

individual fasts for at least 12 hours, then blood is drawn and glucose levels are analyzed.  If 

FPG test levels are higher than 126 mg/dl, the patient is diagnosed with diabetes.  Levels 

between 100 and 125 mg/dl indicate pre-diabetes, a condition which is normally considered a 

precursor to Type 2 diabetes. 

In order to control blood sugar levels, an individual with Type 1 diabetes must be injected 

with insulin several times per day.  In Type 2 diabetes, the body either does not produce enough 

insulin or the cells do not recognize the insulin when it is present [4].  Type 2 diabetes is the 

most common form of diabetes in the United States and is often associated with obesity and poor 

nutritional habits.  

When blood glucose levels are not properly maintained, both Type 1 and Type 2 diabetes 

pose serious health risks.  Hypoglycemia (low blood sugar) can cause a person to lose 

consciousness.  Hyperglycemia (high blood sugar) can lead to ketoacidosis.  Ketoacidosis occurs 

when the body no longer has insulin to break down glucose and begins to metabolize fats for 

energy.  This releases molecules called ketones that in high doses will poison the body.  Under 

normal circumstances the kidneys can filter out excess ketones, however, in this case the 
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concentration of ketones is too high, and the body begins to shut down and enters a stage called 

diabetic coma.  Higher than normal blood glucose levels, in addition to high ketone 

concentrations, cause the kidneys to work harder and can cause kidney disease or eventually 

failure.   

In addition to these complications, diabetic individuals are 40% more likely to develop 

glaucoma and 60% more likely to develop cataracts [4].  Diabetic retinopathy is another common 

problem caused by the swelling of capillaries in the retina which may result in eye damage and 

in some cases total loss of vision.  Nerve damage known as diabetic neuropathy can lead to 

double vision, paralysis on one side of the face, bladder control problems, nausea, and dizziness.  

Diabetes can also lead to blood vessels hardening and narrowing, especially in the foot and leg 

where it causes several severe complications, often requiring amputation.  All of these conditions 

can be prevented or their symptoms reduced by properly maintaining blood glucose levels.   

Several methods are recommended by the American Diabetes Association (ADA) to 

control blood glucose levels.  The gold standard of diabetic monitoring is frequent blood testing 

to determine blood glucose levels.  Also suggested is a method known as carbohydrate counting.  

Carbohydrates are complex organic molecules that the body breaks down into its subcomponents 

ï glucose.  The higher the carbohydrate content in the food, the more the blood glucose level will 

be affected during digestion.  Carbohydrates are used by the body during exercise, especially 

anaerobic exercise.  This causes a dramatic drop in blood sugar after a long period of time.  To 

correct this, an individual may eat something sweet, such as fruit or a candy bar, causing blood 

sugar to rise rapidly.   

This see-saw effect can be reduced by using a method developed in 1995 by Dr. Lois 

Jovanovic-Peterson called Extra Carbs for Exercise (ExCarbs) [6].  This method predicts the 

number of carbohydrates that will be utilized during exercise, which can be used to adjust 

nutritional intake and/or insulin dosages.  Dr. Jovanovic-Peterson provides a table that lists these 

values, however the values are not tailored toward individuals.  Values are only given for three 

weights, and not all exercises are included.  For example, if an individual has to walk up seven 

flights of stairs because the elevators are not working, it would certainly cause a drop in blood 

sugar; however, such exercises are not included in the table, nor are they predictable.  For these 

reasons and others, it is obvious that better methods of determining how many carbohydrates are 

used in a given time period are needed. 
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Developing an improved method of estimated carbohydrate expenditure was the goal of 

this project.  Strides toward this goal were made during the 2007 ï 2008 academic year, in which 

an activity monitor utilizing ECG electrodes and an accelerometer was used to detect heart rate 

and accelerometry values to estimate energy expenditure.  However, placing ECG electrodes 

correctly is not an easy task for non-healthcare professionals.  The device created was heavy and 

bulky, and did not display how many carbohydrates were used at any point in time.  The current 

project intended to address and resolve these issues.  First, the ECG electrodes to determine heart 

rate were replaced with a Polar transmitter strap.  This strap is easily placed around the rib cage 

by anyone without the need of any special training.  Attached to it is the accelerometry unit, 

which calculates the full body acceleration from the x, y, and z axes.  To reduce size and weight 

the analog circuitry was replaced with digital circuitry.  Data from the Polar strap and the 

accelerometer was wirelessly transmitted to the receiver. Since wires were not necessary to 

connect the electrodes to a processing unit, the receiver was made to be hand held and portable 

enough to clip on a belt, or place in a pocket.  The receiver displays the individualôs 

carbohydrate expenditure in real-time by utilizing a branched equation algorithm that modeled 

expenditure rate according to activity level. 

The research, development, and testing of this device is detailed in the pages below.  

Though there are many activity monitors on the market, it is the hope of the design team that this 

one, as it is specifically tailored to pertain to diabetes, will improve quality of life for those 

individuals with diabetes. 
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2 Literature Review  
Diabetes is a disease in which the body either does not produce or properly utilize insulin 

ï the hormone which allows the body to convert sugars, starches, and other foods into energy 

[1].  This results in an inability to inability to monitor and maintain stable blood glucose levels.  

As a result diabetic individuals must be constantly aware of their blood glucose levels in order to 

avoid health complications.  There are currently 23.6 million people living with diabetes in the 

United States, thus the design and implementation of a diabetic-specific monitoring device may 

greatly benefit society as a whole [4].  The following sections discuss blood sugar and the bodyôs 

response to blood sugar level changes, the special dietary and exercise needs of diabetic persons, 

the effects of poor glucose management, and how an activity monitor customized to meet the 

needs of a diabetic person would enable better control of blood glucose levels. 

2.1 Understanding Blood Sugar Levels  

Blood sugar levels are a measurement of the glucose volume found in blood [12].  

Maintaining an appropriate glucose volume is an important factor in homeostatic balance.  

Detailed below are the role of carbohydrates in blood sugar levels, the glucose response, 

hormonal response to glucose, and the definition of diabetes as related to these subjects. 

2.1.1 The Role of Carbohydrates  

Carbohydrates are an essential part of every diet [7].  They provide direct energy for the 

brain, central nervous system, and muscle cells in the form of glucose [8].  Depending on their 

origin, they are broken down into simple or complex (fast or slow) carbohydrates during 

digestion.  Simple carbohydrates include sugars such as fruit sugar, corn or grape sugar, and 

table sugar, whereas complex carbohydrates include foods made of three or more linked sugars, 

like wholegrain breads, oats, muesli, and brown rice. 

Simple carbohydrates, or monosaccharides/disaccharides, are organic compounds and 

sugars which are easily broken down by digestion [8].  These include galactose, fructose, 

maltose, sucrose, lactose, and glucose.  Complex carbohydrates, or polysaccharides, must be 

broken down into monosaccharides before they can be released into the blood stream.  All sugars 

are absorbed into the blood stream, with glucose playing a major role in what is called the ñblood 

sugar levelò.   
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2.1.2 The Glucose Response 

Glucose is a major source of energy for the human body as it is the primary fuel for most 

cells [9, 10].  Glucose is absorbed into the bloodstream from the gastrointestinal tract after 

digestion, where it is transported to cells that require energy.  Immediate use of glucose 

following the breakdown of carbohydrates involves the burning of molecules within 

mitochondria for the release of carbon dioxide, water, and energy into the body [11].  If glucose 

is not immediately needed, it is converted by the liver or muscles into glycogen in order to 

supply muscles and other parts of the body with energy.  Any remaining glucose after glycogen 

saturation has occurred may be converted into fat by the liver and stored in adipose tissue around 

the body.  In a healthy individual, these conversion processes allow for blood glucose levels to 

remain at a relatively homeostatic balance.   

2.1.3 Hormonal Responses to Glucose 

The bodyôs regulatory system maintains control over the level of glucose found within 

the bloodstream through hormone regulation systems [12].  There are two types of mutually 

antagonistic metabolic hormones which affect blood glucose levels.  These are catabolic 

hormones (most commonly glucagon) which increase blood glucose, and an anabolic hormone 

(insulin) which decreases blood glucose. 

When the level of glucose, or blood sugar, in the bloodstream is too high, insulin is 

released by the pancreas, which notifies fat and muscle cells to absorb glucose and thus lower the 

blood sugar level [12].  When blood sugar levels are too low, the hormone glucagon is released 

from the pancreas, which signals the liver to break down glycogen and release more glucose into 

the blood stream, thus raising blood glucose levels back to normal.  In this way, insulin secretion 

operates on a negative feedback mechanism.  Insulin levels rise when glucose is absorbed from 

the gastrointestinal tract, and drop to normal levels during the presence of glucagon.  Insulin 

levels in a healthy person therefore fluctuate all day long in order to maintain a stable blood 

sugar level. 

2.1.4 Defining Diabetes  

Diabetes is a carbohydrate metabolism disorder in which the body is unable to properly 

maintain blood glucose levels.  The normal range for blood glucose is defined as 70-125 mg/dL 

of blood (less than 7.0 mmol/L).  Levels above or below this value result in hyperglycemia 

(persistently high levels), or hypoglycemia (persistently low levels), respectively
 
[13, 14].  
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Diabetic individuals must closely monitor their blood glucose levels in order to avoid these 

conditions. 

There are two main types of diabetes ï insulin dependent/juvenile diabetes, now termed 

ñType 1ò, and non-insulin dependent/adult-onset diabetes, now termed ñType 2ò [7].  In cases of 

Type 1 diabetes the body does not produce enough insulin for cells to absorb glucose at the 

appropriate rate.  This form of diabetes is caused by the destruction of the beta cells in the 

pancreas by immune mechanisms, which results in little to no insulin secretion by the pancreas 

[15, 16].  

With Type 2 diabetes a much different problem arises.  The cells in the body exhibit 

insulin resistance, which causes blood sugar and insulin levels to stay high after eating for much 

longer than they should.  In these situations insulin-making cells are weakened over time, and 

eventually the production of insulin stops.  Insulin resistance has been linked with issues such as 

high blood pressure, high levels of triglycerides, low HDL cholesterol, and excess weight.  

Several things can promote insulin resistance such as a sedentary lifestyle, being overweight, and 

a diet rich in processed carbohydrates.   

While Type 2 diabetes can be treated by other things such as a proper diet and exercise, 

all Type 1 diabetic individuals must be treated with daily insulin and must monitor their diets and 

exercise levels consistently [7].  Patients with Type 1 diabetes administer insulin shots two to 

four times per day and ensure an even distribution of ingested carbohydrates throughout the day.  

They also measure their blood sugar levels to ensure that they remain within acceptable range 

throughout the day.   

2.2 Nutrition  
As diabetes is a metabolic disease, it is nearly impossible to control it with medicine 

alone ï an entire lifestyle change is needed [4].  Diabetic individuals need to be concerned with 

what they are eating, how often they are eating, their weight, and how often they exercise.  The 

American Diabetes Association (ADA) has put together a comprehensive website outlining these 

topics and providing tools for diabetic individuals to more easily make the lifestyle changes 

necessary for their health.   When a diabetic individual takes proper care of him or herself, they 

are able to lead a normal, long life.  Unfortunately, many diabetic individuals do not monitor 

their lifestyle enough and often fatal complications arise. 
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A large part of a diabetic individualôs dietary concerns are carbohydrates, as 

carbohydrates have the greatest effect on glucose levels [4].  However, there are different kinds 

of carbohydrates and each has different effects on glucose levels.  The three types of 

carbohydrates are sugar, starch, and dietary fiber.  Of the three, dietary fiber effects glucose 

levels the least.  The effects of sugars and starches have been carefully researched and organized 

for reference by diabetic individuals in something called the glycemic index.  

2.2.1 The Glycemic Index 

The glycemic index (GI) ranks how a food will affect blood glucose [4]. There are a few 

factors involved in determining a foodôs GI, these include: ripeness, processing, cooking, and 

variety of the food.  For example, a banana that is still slightly green will have a lower GI than a 

spotted banana.  Converted long-grain rice has a lower GI than brown rice, but short-grain white 

rice has a higher GI.  Juice has a higher GI than the fruit itself.   The lower the GI, the less of an 

effect on blood glucose the item will have.   In general, diabetic individuals should eat more 

unprocessed foods and less high GI items such as white bread, pineapples, and instant oatmeal 

[4].  The list below categorizes several foods as low, medium, or high GI foods.  

 

Figure 1: Hierarchy of some foods in their respective glycemic index categories.  Foods with a lower glycemic index will 
impact blood sugar levels less than foods with a high glycemic index [4]. 

ωStone Ground Wheat Bread, Pumpernickel Bread

ωPasta

ωSweet Potatoes, corn, peas, carrots

ωMost fruits

Low GI

ωWhole Wheat Bread, Rye Bread

ωQuick Oats

ωBrown Rice, Couscous

Medium GI

ωWhite Bread

ωCorn Flakes, Instant Oatmeal

ωPopcorn

ωPineapple, melons

High GI
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2.2.2 American Diabetes Association Food Pyramid  

While focusing on carbohydrates, it is easy to forget other portions of a meal, but both fat 

and fiber are needed to slow the rise of blood glucose levels [4].  To account for this, the ADA 

suggests eating peanut butter with apples and including low-fat protein sources, such as fish or 

chicken.  The key to diabetes management is keeping a well-balanced diet, full of variety. 

The ADA has created a food pyramid to further help diabetic individuals plan their meals 

[4].  This pyramid is different than the standard United States Department of Agriculture 

(USDA) pyramid in that the ADA pyramid is based on carbohydrate count, rather than just food 

classifications.  For example, in the USDA pyramid, potatoes are counted as a vegetable, 

whereas in the ADA pyramid potatoes are counted as starches because of their high carbohydrate 

content.  Other than some items that are in different categories, like potatoes, the pyramid is 

essentially the same.  It is divided into six categories ï Starches, Fruits, Vegetables, Proteins, 

Milk, and Oils and Sweets ï and contains recommended servings for each category. 

Starches include bread, bagels, dry cereal, cooked cereal, potatoes, yams, peas, corn, 

cooked beans, winter squash, rice, and pasta [4].   The pyramid suggests 6-11 servings of starch a 

day.  Most people do not actually eat eleven servings.   Most grain and starches contain 15g of 

carbohydrates per ½ cup.  The ADA suggests eating certain foods over others.  For example, 

diabetic individuals should eat whole grains rather than processed white flour.  To this extent the 

ADA has put out a list of óbestô foods for the starch category.   

Non-starchy vegetables include spinach, Swiss chard, broccoli, cabbage, brussel sprouts, 

cauliflower, kale, carrots, tomatoes, cucumbers, and lettuce [4].  Three to five servings are 

recommended daily, however, a serving varies if the vegetable is cooked.  One cup of raw 

tomatoes is a serving, but only ½ cup of stewed tomatoes is a serving.  When shopping for 

vegetables diabetic individuals should look for fresh, frozen, or canned veggies without any 

added salt or sauce.   

Fruits have approximately the same number of carbohydrates as starches, but generally 

contain more vitamins and lower GI values [4].  High fructose and fiber contents account for the 

lower GI value of fruits.  Approximately ½ cup of canned fruit or juice has 15g of carbohydrates, 

the same as ½ cup of starches.  For berries, a serving is about 1 cup.  Diabetic individuals should 

watch portion sizes with dried fruit since a serving is only 2 tablespoons. 
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Figure 2: This is a listing of some of the best starchy foods for diabetic individuals.  This list has been designed based on ADA 
food classifications to make it easier for a diabetic individual to choose the bulk of meal wisely. 

According to the pyramid, two to three servings of dairy products is needed a day.  Fat-

free or low fat milk, non-fat light yogurt, and unflavored soy milk are the best choices.  The 

traditional USDA pyramid includes cheese and eggs in the dairy category, however, due to their 

high protein content, they are included with meat. In addition to eggs, the meat category includes 

all high-protein foods such as beans and all meat.  Four to six ounces of meat spread out 

throughout the day is recommended.  The best choices for protein include dried beans, fish, 

ωBulgur

ωWhole Wheat flour

ωWhole oats

ωWhole grain corn

ωPopcorn

ωBrown rice

ωWhole rye

ωWild rice

ωBuckwheat

ωMillet

ωQuinoa

ωSorghum

Best Grains

ωParsnip

ωPlantain

ωPotato

ωPumpkin

ωAcorn Squash

ωButternut Squash

ωGreen Peas

ωCorn

Best Starchy Vegetables

ωBlack, Lima, and Pinto beans

ωLentils

ωBlack-eyed and split peas

ωFat-free refried beans

ωVegetarian baked beans

Best Dried Beans
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skinless chicken, eggs, and beef with all visible fat removed. It is important to keep in mind that 

though meat and fish do not contain carbohydrates, dried beans do [4].  Fats, sweets, and alcohol 

do not contain much nutrition and should be reserved for special occasions. 

Utilizing this pyramid, the recommended servings and serving sizes in addition to the 

glycemic index to guide choices, a diabetic patient can easily take control of their diet and take 

care of themselves properly. 

2.3  Lifestyle of a Diabetic Individual  
Type 1 diabetic individuals should test themselves four or more times a day, after every 

meal and just before going to sleep [4]. Although this is the general recommendation, patients 

who are at greater risk of hyperglycemia may require increased testing, to allow for tighter blood 

glucose management. Type 2 diabetic individuals often do not need such a strict control of their 

blood glucose. However, those who require multiple daily insulin injections or injections coupled 

with glucose reduction medication would require a testing regimen comparable to that of a Type 

1 diabetic individual.  

The rate at which blood glucose levels are measured is often determined after an 

individual is diagnosed with diabetes, and is the result of the combination of both the physicianôs 

recommendation and the patientôs ability to maintain the regimen [4]. Individuals who are too 

young, too old, and others who are incapable of regular blood glucose testing often have more 

laidback testing plans, but those patients often lose the full efficacy of the treatment plan.  In an 

investigational study on how often diabetic patients regularly checked their blood glucose levels, 

only 20% of Type 1 diabetic individuals and 16% of Type 2 diabetic individuals tested their 

blood glucose levels according to daily recommendations [17].  It is these inconsistencies in 

blood glucose monitoring that cause a decreased efficacy in prevention of diabetic symptoms.  

 

2.3.1  Diet and Diabetes  

 Maintaining proper dietary habits is crucial aspect of minimizing diabetic symptoms.  

Type 2 diabetes is often attributed to a poor diet due to the fact that overweight individuals are 

shown to be at greater risk of attaining Type 2 diabetes [4].  One of the main recommendations 

to overweight diabetic individuals is weight reduction coupled with an improved dietary 

lifestyle.  During this dietary change, individuals are encouraged to test their blood glucose after 
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every meal.  With this knowledge the individual should better understand how different foods 

affect their blood glucose levels, and give them an insight on consuming healthier foods. 

Since it is the regulation of glucose, a carbohydrate, that is important to diabetics, it is 

more useful for an individual to understand the amount of carbohydrates that they are 

consuming than the number of calories or other nutritional characteristics in a food.  

Carbohydrate counting has been a useful tool in the regulation of blood glucose levels, and can 

be appropriately implemented by individuals with the proper guidance of a doctor, dietician, or 

a certified diabetes educator.  

Individuals with Type 1 and Type 2 diabetes who are dependent on supplemental insulin 

injections must inject themselves with an appropriate amount of insulin prior to eating to 

compensate for the imminent glycemic increase produced by the carbohydrates in a meal [29].  

Since insulin absorption varies between individuals, as well as the varying rates of efficacy 

amongst different types of insulin, most insulin plans are tailored to the individual. 

2.3.2  Exercise and Diabetes 

Due to the ever growing adaptation of a sedentary lifestyle, in which individuals are 

deskbound at work and inactive at home, coupled with the lack of an exercise plan, the onset of 

Type 2 diabetes has only been nurtured in recent years.  As with the recommendation of proper 

eating habits, doctors often recommend that diabetic individuals increase their activity level by 

following an exercise program that is designed for the severity of their disease and by their 

overall ability to perform any particular activity.  Since exercise helps lower blood sugar levels, 

Type 2 diabetic individuals can often manage their glucose levels without the use of any 

medications, through a strict diet and exercise routine [4].  Since the need for insulin during 

exercise is lowered, Type 2 diabetic individuals need to either consume an appropriate level of 

carbohydrates or lower their insulin intake before they partake in a vigorous activity. This 

requires the individual to understand how particular exercise affects their blood glucose level, 

and know the amount of carbohydrates to ingest to sufficiently accommodate those changes.   

The consumption of extra carbohydrates (ExCarbs) prior to partaking in strenuous 

exercise is a concept that has been effective in supplementing the active lifestyles of Type 1 

diabetic individuals [29].  The ExCarb model provides information on the number of grams of 

carbohydrates one should take prior to participating in a particular activity. 
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Table 4: Extra carbohydrates that one should consume before participating in vigorous activity.  These values can be used as 
a guide to prevent a severe drop in blood sugar after exercise [26].  The ExCarb solution estimates the number of 
carbohydrates needed for one hour of activity based on the weight of the individual and type of activity.  It exhibits a 
competence in providing good carbohydrate expenditure for aerobic activities. 

 
 The ExCarb solution estimates the number carbohydrates needed for one hour of activity 

based on the weight of the individual and type of activity. This solution exhibits a competence in 

providing good carbohydrate expenditure for aerobic activities, but during the cases of anaerobic 

activity such as sprinting, power lifting, or some aspects of basketball, the ExCarb methodology 

does not adequately estimate the expected expenditure rate. 
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2.3.3 Poor Blood Glucose Management  

 As previously discussed, an investigational study has shown that only 20% of Type 1 

diabetic individuals and 16% of Type 2 diabetic individuals tested their blood glucose levels 

according to daily recommendations. This poor blood glucose management results in the 

occurrences of hyperglycemic and hypoglycemic conditions [17]. 

 When blood glucose levels are consistently higher than 126 mg/dL, an individual is 

considered to be hyperglycemic [5].  During this hyperglycemic state, the body builds up a 

greater level of ketones.  High levels of ketones in the blood, known as ketoacidosis, are 

poisonous to body, leading to long term comatose and potentially death.  If high blood glucose 

levels continue to go unmonitored, damage to the cardiovascular, retinal, and nervous systems 

can occur [4]. 

 When blood glucose levels are consistently lower than 60 mg/dL, on average, an 

individual is considered to be hypoglycemic [5]. Low glucose levels often make individuals tired 

and lethargic, causing them to faint, and sometimes causing them to become comatose. Diabetic 

individuals who have fallen into this state remedy the situation by the consumption of simple 

carbohydrates, like eating a piece of candy or drinking a glass of juice. If low blood sugar levels 

continue to go unmonitored, cellular function can no longer be maintained, which can lead to 

permanent neurological damage [4].  

 

2.4 Activity Monitors  

 Activity monitoring of physical activity can occur in both laboratory and non laboratory 

conditions.  This project intended to retain the accuracy of physical activity monitoring in 

laboratory conditions in a portable non-laboratory activity monitor.  Activity monitoring in both 

of these settings is detailed in the sections below. 

2.4.1 Monitoring Physical Activity in Laboratory Conditions  
During exercise, the action of moving muscles requires energy in the form of adenosine 

triphosphate (ATP) [5].  ATP is produced in all cells during the oxidation of glucose.  When the 

muscles are active due to exercise, they need more oxygen to oxidize glucose and produce ATP.  

To gain this extra oxygen, the normal human response is to breathe more, which results in 

greater oxygen consumption and the production of carbon dioxide [5].  In this case heart rate also 
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increases so that more oxygen rich blood is provided to the working muscles. Thus, energy 

expenditure has traditionally been found to relate to CO2 production and heart rate. 

In the laboratory, gas analysis is the standard method of assessing the accuracy of activity 

monitors due to the correlation between CO2 production and energy expenditure [26].  Gas 

analysis usually involves a subject breathing into a mouth piece so that volumes of CO2 can be 

measured with each breath.  Another method used to measure CO2 production is doubly labeled 

water (DLW) in which the disappearance rates of two non-radioactive isotopes of water (H2
18

O 

and 
2
H2O) are observed.  The difference in the disappearance rates of each isotope is used to 

calculate the amount of CO2 produced per unit of time. By knowing the CO2 production rate and 

the diet of a subject, energy expenditure can be calculated [27].  Although an accurate method, 

DLW is a relatively expensive and time consuming test to administer, therefore it would not be a 

suitable method to continuously monitor patientôs energy expenditures in a portable device.  

 

2.4.2 Monito ring Physical Activity in Non -laboratory Conditions  
Currently, there is no single, universally accepted device for measuring energy 

expenditure for individuals available on the market. However, there are many devices that use a 

variety of parameters such as pedometer counts, heart rate, and accelerometry counts to assess 

the energy expenditure of physical activity in individuals. Still other devices use a combination 

of these parameters to output energy usage. 

Pedometers 

A pedometer is a device used to count each step a person takes through motion detection 

[23].  Many pedometers contain a sensor which moves vertically whenever a person takes a step. 

Movement of the sensor closes an electrical circuit, and each time the circuit is closed, it counts 

as a step.  A summation of the amount of times the circuit closed within a certain period of time 

is displayed on the pedometer screen.  Pedometers are often small, lightweight, inexpensive, and 

can be used during every day activities. However, they do not account for activity types and 

intensity and may lose accuracy during intense activity.  

The Digiwalker pedometer shown in Figure 3 has been found to be superior to other 

devices of its kind and boasts accurate counting due to its state of the art lever arm sensor, a 

tightly coiled spring for increased accuracy and special features to reduce noise and corrosion 

[18].  
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Figure 3: Digiwalker Pedometer boasts accurate counting due to state of the art lever arm sensor, a tightly coiled spring for 
increased accuracy, and special features to reduce noise and corrosion [18]. 

Another activity monitor, developed specifically to monitor the activity of those with 

Type 2 Diabetes is described in a Norwegian study [19]. The device designed in this study is 

different from Digiwalker in that it contains Bluetooth technology to wirelessly transmit data to a 

mobile phone as shown in Figure 4 below [20]. 

 

Figure 4: Final prototype of activity monitor for Type 2 diabetic individuals. The device contains Bluetooth technology to 
wirelessly transmit data to a mobile phone [19]. 

To develop this monitor, 15 people with Type 2 Diabetes provided the researchers with 

input on what features a new, mobile device should have. Over a period of four months the 

subjects gave their opinions on what specific tools the device should have as well as opinions on 

the overall look and comfort of the device. Based on these opinions, the researchers designed a 

pedometer activity monitoring device that met the needs of the diabetic patients. This activity 

monitor contains a specifically designed mechanical sensor chosen to minimize power 

consumption. Also, the device has capabilities to filter out random movement and any outside 

noise.  To assess the marketability of the device, the researchers asked 1001 people about their 

use of step pedometers. Only 6.5% used pedometers daily while 20% used them daily, weekly, 
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or monthly. The appeal of this device is that it is small, compact and discrete. However, 

pedometer activity monitors may not be as accurate as devices that consider multiple parameters. 

Heart Rate Monitors  

Heart rate has been validated against the doubly labeled water technique for estimating 

energy expenditure and has a correlation coefficient of 0.94 as compared to DLW [28].  

However, it is an indirect method of measuring energy expenditure and thus data often presents 

discrepancies.  

Heart rate monitors on the market commonly boast higher accuracy rates than pedometers 

for measuring energy usage.  Heart rate is measured by first placing electrodes on the chest.  

These electrodes acquire an ECG signal which is then fed to a data processing unit. This 

processing unit has the capacity to calculate the heart rate. As discussed previously, heart rate 

measured in laboratory conditions is also a method used to assess the accuracy of portable 

activity monitors.  

Polar is the leading manufacturer of heart rate monitors [18].  These monitors have a 

wide range of uses including fitness programs, athletic teams, medical purposes and physical 

education programs. This specific heart rate monitor consists of a transmitter belt that is worn 

around the chest and a device that is attached to the wrist. The belt has a fabric strap and two 

electrodes that are arranged to measure the potential difference across the chest made by the two 

electrodes. This potential difference is sent to the wrist device which receives and processes the 

signal, as well as calculates and displays the userôs heart rate. Figure 5 shows the Polar heart rate 

monitor in use. 

 

Figure 5: Polar heart rate monitor with chest strap and wrist device.  Consists of a transmitter belt worn around the chest 
and a device that is attached to the wrist which displays energy expenditure parameter output [18]. 
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 Other heart rate monitors include additional features, such as the Garmin Forerunner 305. 

This heart rate monitor contains a GPS feature to measure physical distance travelled and pace of 

activity [20]. Heart rate monitors are reasonably accurate in obtaining and calculating heart rate, 

however, they may have several inaccuracies when applied to activity monitoring. For example, 

if a person is nervous and their heart is beating at a high rate, the heart rate activity monitor will 

interpret this information as though the person is undergoing strenuous physical activity when in 

fact they could remain motionless. Therefore, an activity monitor that considers multiple 

parameters may have a higher accuracy than a single parameter device such as a heart rate 

monitor.   

Accelerometers 

Accelerometers are devices which detect when a subject is in motion [22].  Not only can 

they detect human movement, but they also detect the intensity and frequency of movement.  

The output of an accelerometer can be processed to isolate the frequency band of human 

movement which can provide a measurement for quantifying human activity [18].  In this way, 

using accelerometer outputs is a more accurate method than using heart rate to evaluating energy 

expenditure.  

An example of an accelerometer used to calculate energy expenditure is the Nike+iPod 

sport kit which utilizes a piezoelectric accelerometer that is placed in the userôs shoe [21]. When 

the userôs foot hits the ground, the piezoelectric device senses the movement and wirelessly 

transmits the signal to a receiver which is attached to an iPod.  The receiver counts each step and 

is able to calculate the distance traveled by the user.  This receiver is able to calculate the userôs 

time, distance, pace, and burned calories and the information is displayed on the iPod.  Figure 6 

displays the technology behind the Nike+iPod sport kit. The manufacturer of Nike+iPod boasts 

90% accuracy for first time use and increased accuracy if the device is calibrated. Nike or iPod 

has not, at this time, released research papers validating their device or information regarding 

any clinical trials.  
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Figure 6: Nike + iPod Sport Kit User's Guide.  The kit uses a piezoelectric accelerometer placed in the user's shoe to sense 
movement and transmit signals to the iPod, where each step is counted to calculate distance travelled [21]. 

 The shortcoming of this type of accelerometer activity monitoring device is that the 

accelerometer is placed on an extremity, in this case the leg.  Because the extremities often have 

more movements than the rest of the body, inaccuracies in movement counts may occur.  For 

example, if a subject is wearing the Nike+iPod device and is sitting in a chair gently tapping their 

foot on the ground, the accelerometer will detect the movements and the subject will have a 

much higher energy expenditure reading than they actually have.  The Nike+iPod is only 

accurate when measuring movements during physical activity, and for diabetic patients, a device 

is needed to measure expenditure during all activities ï physical and sedentary.  

The Caltrac Calorie Counter, shown in Figure 7, is another accelerometer device that uses 

a single plane accelerometer to detect only vertical movements [22].  The counter has an 

accelerometer at the waist which measures vertical movements and displays a count of these 

movements on a display screen that houses the accelerometer circuitry.  Although this device has 

been tested and verified in 60 clinical trials as a valid device for calculating energy expenditure, 

it does have several shortcomings. One major shortcoming is that the device does not accurately 

estimate energy usage for activities involving isometric movements such as cycling and rowing 

[18].  An accelerometer that measures movements in three axes may be better suited to calculate 

energy expenditure.    
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Figure 7: Caltrac Calorie Counter which uses a single plane accelerometer to detect vertical movements at the waste [22]. 

Multiple Parameter  Activity Monitors  

Devices that use only one parameter may have limitations on the types of activities that 

can be measured and how accurate the output is to the actual energy expenditure [22]. 

Connecting three Caltrac accelerometers in an orthogonal fashion has a much better accuracy 

than just one stand alone accelerometer [22].  

In a study by Eston, Rowlands, and Ingledew, four different activity monitors were tested 

and compared to one another based on the energy expenditure output in children [23]. The 

devices used in this study included a uni-axial accelerometer, a tri-axial accelerometer, a 

pedometer, and a heart rate monitor. These devices were worn by 30 children who participated in 

several activities. The accuracy of each of the devices was evaluated for each activity.  

 This study showed that the tri-axial accelerometer was the most accurate while the uni-

axial and heart rate monitor were also valid as less expensive options. The study also concluded 

that using an accelerometer in conjunction with a heart rate monitor would enable the device to 

output the most accurate energy expenditure. Figure 8 below shows the mean error and standard 

deviation of each type of device. 
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Figure 8: Mean error and standard deviation of activity monitors tested in testing by Eston, Rowlands, and Ingledow [23]. 

Actiheart, shown in Figure 9, is an example of a device that utilizes both heart rate and 

accelerometry to determine energy expenditure.  This device clips onto two chest electrodes and 

contains a triaxial piezoelectric accelerometer.  Heart rate is calculated by first converting the 

analog ECG signal to digital and by calculating the R to R ratio.  By using this method to 

calculate heart rate, the output is more accurate than the traditional peak detection method.  

Combining heart rate with accelerometry combines the best aspects of each technology to output 

the most accurate energy expenditure result.  

 

Figure 9: Actiheart monitor which uses heart rate and accelerometry to output energy expenditure.  The device slips onto 
two chest electrodes and has a triaxial piezoelectric accelerometer [24]. 

A study was done in 2007 to determine the accuracy of the Actiheart system [25].  This 

study was conducted by SE Crouter, JR Churilla, and DR Bassett, Jr of the Depart of Exercise, 

Sport, and Leisure Studies at the University of Tennessee, Knoxville.  The intention of this study 

was to see how accurate the Actiheart system was outside of laboratory conditions.  To do this, it 
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included 18 tests that were performed by having subjects wear the Actiheart system and the 

Cosmed K4b2, a device that uses indirect calorimetry to determine energy expenditure.  The 

Actiheart system is a device that will clip onto standard ECG electrodes.  This clip houses the 

accelerometers.  The Cosmed device is a portable metabolic machine.  It includes a gas mask and 

a processing unit. 

The tests included in the study are as follows: lying, computer work, standing, filing 

papers, washing dishes, washing windows, slow walk (82 m min-1), vacuum, sweep/mop, raking 

grass/leaves, fast walk (103 m min-1), lawn mowing, stationary cycling (avg. 99 W), 

ascending/descending stairs, racquetball, basketball, slow run (157 m min-1), and fast run ( 191 

m min-1) [25]. Upon completion of the study, the investigators determined that the Actiheart 

system is comparable to other activity monitors, though improvements could be made. 

Activity monitors for commercial use output energy expenditure using a variety of 

parameters including heart rate, accelerometry, and pedometry. Although most devices that 

utilize one parameter are acceptably accurate, monitors that use a combination of parameters 

have an increased accuracy.  
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3 Design Methods and Alternatives  
The initial client statement given to the design team in August of 2008 was as follows: 

ñTo design and build a continuous activity monitoring device for insulin dependent 

diabetic individuals that will output cumulative energy expenditure and rate of energy 

expenditure. Energy expenditure will be calculated using multiple parameters for 

increased accuracy in monitoring daily activity. This device will be low cost, 

aesthetically pleasing, and convenient for everyday use. ñ  

The design team thus set forth to obtain design constraints, objectives, and alternative 

designs based off of this statement.  A weighted objectives method was used to compare the 

alternative designs and ultimately determine the design to proceed with. 

3.1 Obtaining Design Constraints  
Constraints in engineering are limitations set on the design space by both the clientôs 

problem statement and the design teamôs familiarity with various branches of engineering 

sciences [2].  The client statement addresses the wants and needs of the client for a particular 

design, as well as what it must and should complete.  In the case of the design of a diabetic 

activity monitor, the requirements for the device are that it outputs accurate energy expenditure 

data frequently (at least once per minute), that it is inconspicuous when worn, and that it is 

inexpensive enough so as to be reasonable for purchase by every-day civilians.  As a result of 

these requirements the team was able to deduce that wearability, durability, accuracy, ability to 

be produced within the allotted MQP time (A-C term), and a total budget of $625 are all 

constraints which govern the design and production of this device. 

3.2 Obtaining Design Objectives  
Objectives are the end goals a design aims to achieve [2].  Design objectives were 

initially created by the design team in list form and then organized into an objectives tree which 

contained objectives and sub-objectives.  The design team concluded that a minimum of three 

sub-objectives should also be included for each of the six main objectives for each main 

objective to hold enough importance in the outcome of the overall design.  Figure 10 below is a 
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diagram displaying all identified objectives and sub-objectives. 

 

Figure 10: Objectives tree designed by the design team prior to detailed weighted objectives analysis. 

With the six main objectives and a minimum of three sub-objectives each, the team 

completed a pair-wise comparison chart of the main objectives to obtain ratios of importance of 

each main objective relative to the total design, shown in Table 2 on the following page.  

Following this analysis, each of the sub-objectives was also weighted using a pair-wise 

comparison chart.  These pair-wise comparison charts allowed for the completion of the 

weighted objective tree.  The weighted importance of the sub-objectives of each main objective 

can be found in the tables in Appendix A.  

Using these tables, each of the design alternatives generated by the team was ranked 

according to their potential ability to fulfill each objective thus far identified as important for the 

project.  The weighted objectives chart resulting from these calculations can be seen in Figure 11 

below. 
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Table 2: Pair wise Comparison Chart for Main Objectives. To prioritize the objectives the team devised a pair wise comparison 
chart which couples two objectives with one another, ranking one over the other, until all of the objectives have been ranked 
fro most important to least important.  A score of 1 is given to the cell if the objective in the corresponding row is of greater 
importance than the objective in the corresponding column.  A score of 0.5 is given if the objectives in the corresponding row 
and column are of equal importance.  A score of 0 is given when the objective in the corresponding row is of less importance 
than the objective in the corresponding column. 

 

Objective 

Cost 

Efficient  Practical Safe Accurate Reliable 

Power 

Efficient  Durable 

Cost 

Efficient  * * *  0.5 0 0 0 1 0.5 

Practical 0.5 * * *  0 0 0.5 1 0.5 

Safe 1 1 * * *  0.5 0.5 1 1 

Accurate 1 1 0.5 * * *  0.5 1 0.5 

Reliable 1 0.5 0.5 0.5 * * *  1 0.5 

Power 

Efficient  0 0 0 0 0 * * *  0.5 

Durable 0.5 0.5 0 0.5 0.5  * * *  

      

 

 

Objective 

Score + 

1 

 

High 

Ranking Weighted % 

 

 

 Cost 

Efficient  3 

 

Cost 

Efficient  10.91% 

 

 

 Practical 3.5 

 
Practical 12.73% 

 

 

 Safe 6 

 
Safe 21.82% 

 

 

 Accurate 5.5 

 
Accurate 20% 

 

 

 Reliable 5 

 
Reliable 18.18% 

 

 

 Power 

Efficient  1.5 

 

Power 

Efficient  5.45% 

 

 

 Durable 3 

 
Durable 10.91% 

 

 

 TOTAL  28 

 
TOTAL  100% 
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Figure 11: Weighted objectives for the Diabetic Activity Monitor. After completing the pair wise comparison chart, the team calculated that the safety of the device 
is the most important aspect of its design. Accuracy of the device was the second most important, while reliability of the device ranked third. The team found 
that power efficiency of the device was the least important aspect of the design of the device. 
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Cost Efficient

Minimal Parts
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3.82%
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3.27%
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3.82%
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3.82%
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7.27%
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7.27%
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Components

7.27%
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6.0%

Detects large and 
small movements

6.0%

Not influenced by 
vibrations

6.0%

High Quality parts

2.0%

Reliable

Less technical 
support

6.36%

Little maintence 
require

5.45%

Fewer Parts

2.73%

High quality parts

3.64%

Power Efficient

Low Power 
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2.27%

Maximize Battery 
Life

2.27%

Fewer parts

0.91%
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Wear-resistant

1.81%

Strong materials

4.54%
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3.3 Design Alternatives  
Prior to determining various conceptual designs for the diabetic activity monitor, many 

methods of measuring human physical activity were analyzed to determine the best means of 

obtaining accurate energy expenditure values for the device.  The discussed methods of 

measuring physical activity included monitoring of heart rate, respiratory rate, and movement 

detection.  After determining these relevant forms of measurement the group held a meeting to 

begin a design brainstorming session.  This brainstorming session included determining the 

necessary functions and function means in order to create workable activity monitor for diabetic 

individuals.  The functions identified allowed for the design team to obtain a better grasp upon 

the design space and to begin brainstorming possible designs.  The functions and means of 

attaining these functions are shown below in Table 3. 

Table 3: Function means chart to determine possible means to achieving device goals. 

Function Possible Means 

Measure RR Strain Gauge Auscultatory Plethysmography Pulse Oximetry Piezoelectric 

Digital 

Processing 

MSP430 Chip PSoC Chip PIC Code written in 

Assembly 

Code written 

in C 

Measure HR Electrode Polar Strap  

Obtain 

movement count 

Accelerometry Strain Gauge 

Determine 

Carbohydrates 

Actiheart 

Algorithm 

 

 

The design team determined that any one of these forms of measurement, or parameters, 

would not be acceptable as stand alone measurements for an energy expenditure output, for 

several reasons. 

Heart rate was identified as a potential parameter for physical activity measurement as 

the rate of heart beats typically corresponds with the amount of exercise being performed by an 

individual.  The means to acquiring heart rate which were identified include electrode placement 

and the use of a Polar strap.  While heart rate can be an accurate measure of level of physical 

activity in athletic situations, it may be superficially stimulated, such as when a person becomes 
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excited or nervous.  It is in this case that it becomes necessary for a separate parameter to be used 

and compared with that of heart rate in order to determine the true energy expenditure in the 

moment. 

Respiratory rate was identified as another possible means for determining level of 

physical activity as an individualôs rate of breathing typically directly corresponds with that 

personôs level of activity.  Possible means to acquiring respiratory rate which were identified are 

strain gauge methods, bioacoustic methods, plethysmography, and pulse oximetry.  Much like 

heart rate, it was determined to be a relatively accurate measure for physical activity, but in cases 

such as hyperventilation and hypoventilation due to nerves or physical environment (quality of 

air can be a factor) another parameter would be necessary to ensure that energy expenditure 

readings were correct.  Because accurate and discrete respiration monitors are hard to come by, 

respiratory rate was eliminated as a parameter during the creation of alternative designs. 

Accelerometers are devices which are able to detect magnitude and direction of 

acceleration as a vector quantity.  Accelerometry was identified as a parameter which could be 

useful in determining physical activity as it is based off of movement.  A comparison between 

accelerometry and either of the two aforementioned parameters could easily determine whether 

or not the device user is physically active at the time of measurement and what the energy 

expenditure of the user was during times of activity.   

As it was clearly determined that the utilization of at least two parameters in combination 

was necessary for accurate energy expenditure calculations digital processing and determining 

carbohydrates were considered to be two necessary device functions.  Research from the 

previous diabetic activity monitor MQP showed that ActiHeart has an algorithm which allows 

for the comparison of heart rate with accelerometry in order to obtain energy expenditure [25].  

Thus electrical components which could be programmed to accept two signals, use algorithms to 

compare these signals, and output those calculations to a display were considered. 

The following four sections detail the conceptual design ideas created by the design team 

while taking the information compiled in the function means chart into consideration. 
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3.3.1 Conceptual Design 1 ɀ Electrodes and Accelerometer Design  

The first conceptual design evaluated by the team was the electrodes and accelerometer 

MQP device from the 2007-2008 year.  This design involves electrodes placed on the chest in 

order to monitor heart rate and an accelerometer worn on the hip to monitor whole body 

movements.  Figures 12 and 13 below show the device design. 

 

Figure 12: Electrodes and accelerometer design from 2007-2008 MQP [18]. 

 

Figure 13: Diagram of 2007-2008 MQP device.  An accelerometer and microprocessor housed on the hip of the user, with 
electrodes placed on the hip and sternum to measure the user's leg [18]. 
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Design idea 1 houses an accelerometer and a microprocessor on the hip of the user and 

places electrodes on the hip the sternum of the user. Electrodes measure the ECG of the user. 

The microprocessor mounted on the hip processes the accelerometry and ECG signals and 

outputs data for the user. The top portion of the figure was the MQP device from the 2007-2008 

year. 

Reasons for Elimination  

Some of the main reasons for deciding not to continue with the use of this design were 

that: (1) the processing was contained in a bulky housing unit worn around the waste; (2) it was 

run off of two poorly placed 9V batteries; (3) the device was heavy and bulky; and (4) the device 

did not output carbohydrates or allow the individual to keep track of carbohydrate usage.  It was 

also very inconvenient to try and place the electrodes correctly.  The electrodes and 

accelerometer design was reviewed both verbally by the design team and through the use of 

weighted objectives charts.  It complied by the teamôs weighted objectives by 57%, which was 

decidedly not adequate.  The individual objective comparisons made for the device and each of 

the following devices can be seen in Appendix A. 
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3.3.2 Conceptual Design 2 ɀ Parameter Detection Glove  

The parameter detection glove conceptual design uses detection of pulse rate and 

acceleration to determine energy expenditure.  The device idea consists of one part, a form fitting 

glove that houses a pulse sensor, accelerometer, and a display.  The form fitting glove would 

allow the sensor to be pressed tightly against the wrist of the individual, and the display would be 

located on the proximal side of the hand, not to interfere with the grasp of the user.  The battery, 

accelerometer and computational components would be housed beneath the display so that 

cyclical wear would not affect the electronics.  Figures 14 and 15 below shows an example of 

this design. 

 

Figure 14: Three dimensional representation of the parameter detection glove.  Pulse rate and acceleration would be sensed 
in the wrist of the individual, with a display of energy expenditure output located on the proximal side of the hand. 

 

Figure 15: Illustration of parameter detection glove.  An accelerometer and pulse sensor housed in a sensor module on the 
glove. The sensors would be pressed firmly against the wrist of the user. Energy expenditure data displayed on the proximal 
side of the hand. 


