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Abstract
The cell phone dietary monitori ng system i s intended to easi
intake, and also provide information that is important to their diet plan. The device is designed to
utilize a Bluetooth headset, which will be able to listen for the user to begin chewing. The
headset will also be able to take in the name and portion size of a food. Finally, the device is able
to output i mportant nutritional information a
The device prompts the user to input their meal information after every major meal, based on
when they finish chewing. The information is
information has been recorded, the information is sent to an online database, which is able to
obtain average nutritional valuesfor each type of food. The values
phone, where they are kept track of. The user has the ability to have specified totals read to them
through the Bluetooth headset after every meal. The device allows the user to accurately keep
track of the foods they eat, as well as give them an idea of how they can better follow their
chosen diet plan. The technology does not detect drinks, and it may not always work correctly in
loud environments. The technology operates under the assumption that the user records the foods
and the serving sizes correctly. Two areas for future work on the project are the hardware needed

to analyze the chewing, and the other area is the power consumption of the total device.



Executive Summary

Dieting in America is extremely large with the diet market at about $40 billion per year,
this market is also very broad and products in the diet market stand to make a hefty profit even if
only 1% of dieters try the product [1]. In America 45% of women and 25% of men are on a diet.
With the rising popularity of cell phones it only makes sense to open a new field in the diet
market [2]. The Cell Phone Dietary Management System is an extremely versatile and easy to
use product that helps a dieter not only eat healthier but also will help with food dictions and
help the dieter stick to their diet with the use of persuasive technology. The proposed system
would utilize a cell phone, online database, and an optional Bluetooth headset. The users would
input what they eat into the cell phone through the Bluetooth headset or through the cell phone&
keypad or QWERTY keyboard if the phone has one. The program that goes in the phone would
then communicate with an online database which has all the nutritional values for various foods
and would be updated regularly with new information. The database would relay the
information back to the cell phone which would then keep running tallies of nutritional values.
The user would be able to access the information at anytime. The Bluetooth headset would have
a special microphone in it that is capable of telling when the user is eating. At the beginning of a
meal, right when they start chewing, the phone would inform the user of their nutritional values
for the day to encourage the dieter to stick to their program. At the end of the meal the program
on the cell phone would prompt the dieter to input what they just ate. We set a reasonable goal of
getting 1% of the dieting population, 30% of America, to try and use our product the first year it
is released. The program for the cell phone would be sold at $15 meaning a gross of about $15
million in the first year from the program alone. There would also be a monthly $7 charge for
data transition that would generate $7 million a month for the first year. The product would
generate $99 million in its first year.
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Diet Management

Introduction

Problem Statement

Obesity and weight-gain are a problem in the United States. Overall, 34 % of the
population of the United States is overweight [3]. Every day, 25% of American men and 45% of
American women are on a diet [1]. After finishing a diet, 95% of dieters will regain the lost
weight within one to five years. More importantly, if one does not build good eating habits early
in life, one might develop long-term health problems, including heart disease, cancer, diabetes,
stroke and osteoporosis [4]. To avoid these problems, Americans use more than $40 billion on
dieting and related products a year [1]. Therefore, there is a need for an efficient and easy way
to monitor and record an individual's dietary information, possibly automatically, in order for
personalized nutritional guidelines to be developed.

Solutions are constrained by the need to be cost-effective, compact, and accurate, so as to
be reliable and thus an improvement on existing solutions. All solutions will have to be designed
considering whether or not a user would actually pay attention and use the solution. The
solutions should notinter f er e wi th a personés daily Iife, al

The criteria for success for this project are as the following: the user is more aware of
what he eats and has a better idea of what to eat in order to be healthy, the user is able to

maintain a much better diet, and that the solution is not a financial burden on the user.



Current Methods of Diet Management

There are many methods that focus on helping a person to eat right. Some common
examples of such dietary programs are Atkins Nutritional Approach, more commonly known as
the Atkins Diet, Nutrisystem, andthesclpregraisWe |l | n e
are based on taking steps that slowly lead the user to better living, and while these steps are

different, they are all based on similar concepts and ideas.

One dietary management plan, called the AW
online program that runs for six weeks and aims to help people improve upon six types of
factors: physical, emotional, social, intellectual, spiritual and occupational [5]. The three main
components of the WOLP are: receiving health information, filling out health assessments, and
requiring exercise and activity each week. Users must login to the online site on a regular basis
for the diet management to be successful. There are three assessments during the six-week plan.
The first is at the beginning of the first week, the second is at the middle of the third week, and
the third is at the end of the sixth week. Data is collected from these assessments and analyzed
to see how participants are doing in the program. A recent study of 150 people was done on the
effectiveness of this program. 60% of the participants finished the program, all of them being
from Australia or overseas. 17% of the participants dropped out before week 3 of the program,
and another 23% dropped out by the end. People who completed the program saw significant
improvement of their wellness over the six-week program. Many people dropped out of the

program because it was disrupted their daily routines.



The Solution

New Technologies to Improve the Effectiveness of Diet Management

Emerging technologies seem to be solving the problem of programs that rely on the user
to dedicate time and energy into programs in favor of relying on the user giving as little input as
possible. These programs will hopefully lead to a larger success rate amongst their users.
Examples of these technologies include food by sound identification and cell phones, Universal
Product Codes, Radio Frequency Identification technology and persuasive technology. All of

our solutions will use online databases that contain nutritional information.

Cell Phone Persuasive Diet Management

Cell phone usage in the US and other countries is at an all time high and is mostly likely
going to increase [2]. Cell phones and smart phones are becoming increasingly more powerful,
with applications such as Microsoft word, other computer programs and the ability to access the
Internet, phones can be used for many things. Dietary management programs on the cell phones
woul d enable users to easily track the

capabilities.

Chewing Recognition

By utilizing the idea of recording the sounds of food being chewed by the consumer, a
device can be constructed to monitor when the user is eating throughout the day. N. De Belie of
Ghent University in Belgium has shown that by using a recording device, which is placed in the
consumer 6s ear, the sounds of d[b]fTheplacentert
of the microphone is critical; the inner ear location allows the microphone to clearly record

chewing audio, see Figure 1.

f oods
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Figure 1: Signal Intensity vs. Microphone Location. The graph demonstrates the effectiveness of different
microphone locations [7].

Figure 1 demonstrates how effective the microphone is at picking up the chewing signals

at different locations. The audio picked up by the recording device can then be divided into

different sounds by looking at the intensity of the signals, as shown in Figure 2. The signals

providing the higher amplitudes are signals of that the user is chewing.
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Figure 2: Amplitude vs. Time. The graph shows the differences in the intensity of chewing audio and other
sources of sound [7].

In some cases, loud speech can surpass the amplitude of the normal chewing audio

amplitude. In order to distinguish between the two sounds, the audio features are calculated over
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a short amount of time, then the features are averaged with the number of segments, and from
that point the sound can be classified. With the ability to determine when the user is chewing, the

device is then able to conveniently ask the user what they are currently eating.

Hardware and Software

The device would be able to be I|inke
needs to be placed i n the us ewihsBluet@wth , t
headset. The integration of the two technologies allows the user to quickly record what they are
eating without having to write anything down. When a user finishes eating, the user will be asked
through the Bluetooth what they just finished eating. The user would be able to be able to simply
state what kind of food they were eating and the serving size. The information would be
interpreted by voice recognition software, and then it would be sent to an installed dietary
program on the cell phone which would access an online data base that has the average
nutritional values of different types of food. The database would be accessed over the Internet
and would be updated frequently with new types of food and more detailed nutritional
information. If the user wishes to manually record the food they consumed into the phone, they
would be able to have the listening device call their cell phone when they are finished eating.
After collecting the data entered by the user, the program would be able to analyze the data and
suggest what types of foods the user should eat. The user would possess the ability be able to
enable the phone to inform the user of important dietary information such as how many calories
they consumed at their last meal or what food they should be eating. By allowing the user to

actively hear this information, the user could be subtly persuaded to eat healthier.
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Persuasive Technology
The device utilizes persuasive technology in order to persuade the user to make better
decisions about eating. Per suasi ve technology creates a way
people change what they believe and what they do [8, 9]. Most diets rely on a person keeping up
and following through with plans and goals that they have set out to accomplish. Technology
could help to play an important role in reminding people to weigh themselves, write down what
they eat, or even exercise. Specifically, computers and other similar technologies could be used.
Captology is the study of the computers as persuasive technology. This chart depicts a good

representation of the principles behind both captology and persuasive technology:

PDAs molivalion
web sites n
video games D affifude change
mabile phones -U
deskiop seftware al. change In worldview
amvart emvironments E
erercise egiupment m behovior change
virtual reality -
lbosks compliance
computers persvasion

Figure 3: Diagram illustrating the areas covered in the field of Captology [9].
As depicted in Figure 3, captology can be u
something. Stephen Intille, a persuasive technology researcher, was interviewed recently and he
mentioned how persuasive technology can be used to track what a person is doing and make
recommendati ons based9.upors a depar omud 1 acteidv it to
daily eating habits and exercise routine and send the information to a PDA or computer for later
review and recommendations. Persuasive technology has many applications and would work

well if applied to a diet management system because it would help a person to stay motivated



and healthy.

We would implement persuasive technology by using a cell-phone program which texts
individuals every morning regarding their eating habits of the previous day. Statistics included in
the text could be the amount Calories, fats, vitamins, etc. The program would also inform the
user of their current estimated calorie count after a meal throughout the day. For example, when
the user begins chewing at noon, the program would tell the user through the Bluetooth headset,
or through a text message, how many calories they have consumed that day. The program would
automatically give the user an update the next time the user is eating at least an hour later. After
the user finishes a meal, the program would be able to suggest to the user what types of food they
should have in their next meal. The reminders would persuade the individuals to stay focused on

their diet and remember their goals.

UPC Diet Management

Another technology that can be utilized to improve diet management is the Universal
Product Code Scanner, commonly known as UPC or the barcode, which can often be seen
embossed on products. The American Dietetic Association conducted a study using the UPC
scanner on limited-r esour ce familiesd food inventories
had within the home [10]. Their study determined how practical this process was. In testing 32
families6 food inventories, the UPC scanner
savings over the line-item inventory approach. In their test, they scanned all the foods that had a
barcode; however, some foods lack barcodes. For these food products, such as meats and
produce, they used a generic list of UPC symbols. The study recommends on its findings that
the UPC scanner technique should be used with a hand recording technique for unknown foods

or those lacking a UPC symbol, but to use the UPC scanner for a majority of food items within

-7 -
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the home. More importantly, participants in the study reported that they found scanning the food
items non-intrusive. This technology could then provide information on foods available within a
home for consumption. This technology could also be used to help make recommendations on
snacks and meals for a user to eat based on the current inventory of food within the house.
Currently at the University of Indiana a research project is being conducted to create a
database of nutritional facts to UPC codes [11]. The project hopes to link thousands of UPC
codes to a database that would report to a person the nutritional facts of the food that they are
consuming. The program involves a PDA with a bar code scanner that would link to the
database. Users could also enter in foods that are not in the database. Our idea would need a
database of all of the nutritional facts for every kind of food. Users could also use a PDA to scan
the bar codes on their foods. The PDA would be linked to the database and would report back
to the user the nutritional facts. Based on these facts the user could make wiser choices for their

diet.

RFID Diet Management
Radio Frequency Identification (RFID), a technology that is gradually replacing the UPC,

can also be used for the same method. As a March 2004 edition of Popular Science writes,
ADMORROW [ I n t he Ib®dwlogywillmarnage food @vienfory, and

cameras wil |l al | p2y Thispradictioe madedyPoptilad Science ¢s O

becoming even more of a reality. Only two years later, Samsung displayed an Internet
refrigerator which is the Abrainso of the kit
wireless home at the Las Vegas Convention Center [13]. Its refrigerator stored recipes and used

RFID technology to track food inventory. Another use for RFID technology that has been

emerging during this decade has been keeping inventory of items in a library. These systems



have RFID tags on each article in the library, each having its own unique identification for
identifying it [14]. A database tracks these items, much as would be done in an inventory system
that could be implemented in a house.

RFID is progressing every year towards its objective of replacing the UPC, also known as
10" barcodes, which are used currently in the food market [15]. One of the downsides of UPC is
that they are limited in their identification of products in that they record only the brand and the
quantity of the items [16]. An advantage of RFID is that it does not require identification to be
shared among all similar products, thus allowing each item to have its own unique identification.
RFID has already been used in test markets in which tags were embedded in cereal boxes and
milk cartons. These items were embedded with what is known as passive RFID tags, which
means they contain no power source, but instead require a device such as a reader to send an
electromagnetic wave of energy at it, which it in turn uses in order to send a signal back to the
reader [17]. The reader, in turn, can be connected either wirelessly or wired to a computer and
software system that can analyze the data.

Our application of RFID technology would be very similar to how En-Vision America
has used it for health-care applications for the vision-impaired [15]. In their case, they wrapped
an RFID tag, also referred to as a smart label, around a pill bottle. On the tag was stored the
prescription information, which in turn could be read by a reader and spoken out using speech-
synthesis technology. Both tag and reader can be seen in Figure 4 below. In our case, RFID tags
would be attached to food items and programmed with all the product information, including the
nutritional information. In the case that the nutritional information is not included on the tag, an
online database that has the nutritional values on it could be accessed based on the product

information read from the tag.



Figure 4: RFID Health-care Application - The medicine bottle has an RFID tag attached with prescription

information programmed into it which can be read and spoken using speech-synthesis technology [15]

Using the technology of RFID described in the preceding paragraphs, a system could be
assembled which could determine what a person eats and do an analysis of it. When the user
brings in the groceries from the store, it can be assumed that all of the food items are embedded

with RFID smart tags. By placing a reader directly next to the door, all of the items could be

read instantly and thuslogged by an anal ysi s pr @fiertldspoing n

there are multiple paths that this program could take. One option is that RFID tags are placed
within the userds cell phone, i n or dodr
When the user picks up a food item to eat, the system would note the close proximity to the user
and assume the user is eating that food item. The system could then analyze what the person
eats, how much of the food is consumed and other variables. Many of these are constrained by
knowing exactly how much the user has eaten, though this can possibly be solved through the

integration with scales in order to weigh exactly how much of an item has been eaten. The scale

woul d weigh thieckeemumpefaonme tihédrs @ompare

back. This process would be fairly similar to the one describedina pat ent ent
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Ma n a g e me n {18].SSgeFipues M @n which the process is displayed. The only change

between their process and ours is that we our reading RFID labels instead of UPC labels.

Start

.

Monitor
Refrigerator/
Pantry

.

Read RFID
Food Labels

.

Access Nutritional
Content

.

Sum Meal
Content

.

Compare
to Plan

.

Generate Confirmation
W arning to Patient

~

Display
to Patient

Figure 5: Flow Chart 1 This represents the method that could be followed from reading an RFID label, to

displaying warnings if the user is veering away from his/her nutritional plan. [18]
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Decision Matrix

Table 2: Decision Matrix
Weight | UPC RFID Cell Phone Persuasive
Rating Rating Rating

A Decision Matrix (Table 2) was used to help choose the best solution.

The ease of use category was based on how easy the technology is to use, for example, is
training needed, can a person simply use the device intuitively. Cell phone scored a 6 because if
the user does not have the headset then they have to type it in; if they are not skilled with typing

on a phone it could become cumbersome.

The Cost category was graded by the total cost of using the device. Cell phone dietary
management is fairly cheap initially compared to the other alternatives, but the monthly costs can
rack up, which is why it did not score perfect. The hardware for the cell phone technology is
only about $80, including the Bluetooth technology that it uses [19]. The monthly cost for a cell

phone plan vary by carrier, Verizon is $60 a month for an unlimited messaging plan [20].

The costs for the UPC diet management program are variable. Most things in the world
already have bar codes on them, which would eliminate the cost of tagging them. The PDA that
also scans bar codes would cost between $200 and $500 [21]. The creation of the database

would take a lot of time and money to make. It would also have to be updated if bar codes

-12 -



change or new bar codes are created. To compensate for this a monthly fee to use the program

would be appropriate. This fee would be around $10 dollars a month.

The average cost of a RFID scanner is around $500 [22]. This combined with a scale,
which would cost around $300 dollars, brings the total cost of the RFID-Scale system to
~$1,000. The cost for designing the software can cost anywhere into the thousand and hardware
for linking the RFID scanner, scale and a computer could cost another $250. This brings the cost
of the whole system to a cost of ~$2,000 per customer. This analysis makes the assumption that

the RFID tags are already on the products that the customer is buying and bringing home.

Ease of installation depends on how easy the diet management system is to install. It
depends on if it requires a lot of installation or not. If it is hard to install people might not find it
worth the time to install. A system that is easy to install and does not have to be done by a
professional is preferred. The cell phone diet management system is relatively easy to install

because it only involves a cell phone, a microphone, and a computer.

Tendency to use was determined by how often the user is most likely going to use the
technology. The Cell phone scored a 7 in this category because it easy to use and there for likely
to be used and the program is in a cell phone so the user will most likely have it on them at all

times.

Performance is one of the most important characteristics in the decision matrix because
the diet management system must be able to perform. The system must be able to help people
with their diets in order to have a good performance rating. The cell phone diet system received

a good performance rating because we believe that it can help people manage their diets.

-13 -



Time to use was also another decision criterion in the decision matrix. Many users would
want a simple and easy system that does not take up a lot of their time. The rating for the cell
phone diet system was lower compared to the other solutions in our decision matrix. This is due
to the fact that it is used all of the time because it has a microphone in your ear. This also helps

to monitor all day long though.

The mobility criteria are used to evaluate how well the technology can be transported to
other locations. The cell phone technology scored the highest because it is a small technology
that capitalizes on the portability of cell phones. The persuasive criteria are used to evaluate how
well the technology is used to persuade the user to make healthier decisions. The cell phone
technology received the highest rating because it can actively educate the user about which foods

they should be eating.

Preferred Solution

The cell phone dietary management system consists of a diet management program which
is installed on the user's cell phone, which analyzes the food intake of the user. The user has the
ability to input the food information through a Bluetooth headset or manually into the phone.

The Bluetooth device is able to detect when the user is eating, allowing it to remind the user to
take note of what they're eating. The device would also be able to inform the user of dietary

information according to their specific diet plan.

-14 -



Discussion and Conclusions

Technical Details

A microphone will be needed to be integrated with a Bluetooth headset. Instead of
having only a speaker in the userods eThad, t he
purpose of the microphone i sThetodycHarigestdtten f or t h
hardware of the Bluetooth is the inthkusion of
allows the user to easily hear the data being presented to them, along with the device recording
their chewing audio. The audio obtained from the microphone will be transferred from the
headset to the cell phone in a similar fashion to the transition of data that is already used by the
Bluetooth. Once at the cell phone, the data will be processed and interpreted.
The user will be noted as eating by having a microphone listen for the user to begin
chewing. Chewing can often be distinguished from other sources of audio due to it usually being
the loudest sound being picked up inside of the ear. At times, other sounds can become louder
than the act of chewing. The chewing sensor is able to distinguish between chewing and other
sources of loud audio. It is able to do this by looking at the audio sample over a small window of
time. The audio features are then calculated over the short window of time. By looking at the
audio features, the audio can be classified by comparing it to a previously trained classifier. If
the audio is similar to a previously trained classifier, then the user is chewing [10].
The voice recognition system is already in use by many different cell phones. The
system allows the user say the name of the person they want to call. By using what is already in
use by many new phones, the voice recognition system can be used to record the different types

of food the user is eating. The user also has the option of manually typing in the food into their
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cell phone, instead of using the voice recognition system. The cell phone would take the data
collected and be able to analyze the nutritional values.

All of our design ideas for diet management use a database that the user can log into and
can plan their diets. The database would be an online website that would require a username and
password to login. In the database would be an extensive list of all types of foods. The database
would receive messages from the diet management system and process the information and add
it to a list which the user can view. The list would automatically count the calories and
nutritional facts for the various foods and add them up. The database could then make
recommendations if the user eats too much of something or too little of something else. The user
would also be able to plan their own programs with different amounts of what they would like to
eat. The database would then be able to help the user follow the program and make

recommendations.

Assumptions

The system operates on a number of assumptions about the user. The system assumes
that the user provides the correct information about the foods they are consuming throughout the
day. Some users might overestimate or underestimate the amount of food they eat. The system
also assumes that the user records all the foods they eat through the day. Some users might eat a
meal, but only record a few items that they consumed. The system should work accurately if the

user provides all of their dietary information accurately.

Sources of Error

There are a few errors that exist in the cell phone dietary management system. The voice

recognition system used to identify different types of foods might not be able to recognize all of
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the different names for foods. Different restaurants have different name variations for different
types of food, and not all of the names will be in the system. The voice recognition system may
not be able to operate accurately in loud environments. The chewing listening microphone is not

able to detect the user drinking beverages.

Cost Analysis

The cost of the cell phone persuasive diet management program varies based on whether
a cellular phone is owned already or not. Without already owning a cellular phone and a text
messaging plan, the cost would be greater. The price of a cellular phone can vary greatly
depending upon what an individual wants from their phone. Phones are often offered free with
subscription to a plan, but prices can exceed $500. The price for an individual plans for cellular
phones starts around $60 a month and includes unlimited text messaging [20]. The proposed
computer program would also have a $15 fee. There would also be a monthly fee of $7 to pay
for data transmission fees and data base upkeep. If an individual does not already own a cell
phone and plan, the cost would be around $100 for a phone plus around $60 dollars a month for a

plan, unlimited text messaging.

The cost of the hardware of the chewing audio dietary system is predicted to be around
$80 in total. The modified Bluetooth would cost around $30. The hardware needed to analyze the

chewing sounds cost about $50.

To create the cell phone program would not be that much. It is a simple program. Google
offers a free source environment for building programs for cell phones. A professional

programmer is paid around $60,000 a year for 40 hours a week for 50 weeks that equates to $30
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an hour. The program could be completed and finalized in 150 hours. That's $4500 for
production of the program plus an additional $5500 for overhead, which includes other
miscellaneous costs. The online data base could purchased for around $5000. The server to

store the data would cost around $10000 [23]. That equates to a total cost of $25,000.

About a third of the population is on a diet in the United States [1]. The population of the
United States is about 300 million. That& 100 million people on a diet. If we can get 1% of the
dieting population to try the product, that& 1 million people. We would take in $15 million from
the sales of the program alone. That means that if we are able to get 1% of dieters to use our

product the cost of the making the program would be .16% of its intake.

Environmental Concerns

The cell phone dietary management system has a relatively small impact on the
environment, assuming that most people already own a cell phone. When cell phones are made
they must be made in factories and the batteries must be produced, usually from lithium. The
manufacturing of the cell phones and their batteries creates carbon output from the factories
which effects the environment. The environment is affected by the factories that produce the
cell phones because these factories use a lot of energy and power, and put out gases and
emissions that could possibly harm the environment. The making of the microphone chewing
device would affect the environment on a small level as well. The devices would have to be
made in factories which use energy and produce possibly harmful emissions. Overall the whole

cell phone dietary management technology has a relatively small impact on the environment.
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Social and Ethical Concerns

The cell phone dietary management system does not necessarily have negative social and
ethical impacts. In the long run, this system could help create a society that is less obese and
better able to keep health in more control. Optimally, this system would help the user see what
they should eat on a daily basis to do this, and thus it might make it easy for them to do so. For
this reason, it might not be disastrous if a user stops using our system after months of using it.
Users who become too dependent on an entirely automatic system, however, are susceptible to
lacking the ability to maintaining a healthy body and diet on their own if they stop the system.
For this reason, it is probably necessary to keep the system manual. Luckily, our system does
require that in that the user has to be conscience of whether or not the system is recording what
they are eating correctly or not. It also requires the user to speak into a Bluetooth headset for
recording what they ate, or texting it through their cell phones.

Anot her soci al concern is how other peopl e
are viewed to some extent as humorous, while others see no problem with them. For this reason,
some people may feel self-conscious about using the technology for fear of what other people
think about them. To try to prevent this, the user could choose options that allow the user to not
speak into a headset or text in what they are eating until a certain time in the day, or a certain
time later. These will be addressed in the future work section.

Ethical concerns do not factor in much, since our system is a diet aid, not a plan. If we
were developing a plan, we would have to take into consideration different ethnicities and their
eating habits during certain times during the year and to account for them in recommendations to

the user on what to eat to maintain a healthy body and diet.
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Recommendations for Future Work

In order to know better how everything in our project and design would work, future
work would need to be done. We would have to research to determine how the cell phone would
recognize all of the chewing sounds and if it would need a separate chip. How much power
needed for the Bluetooth would also be another aspect of the project that would need to be
researched. Additionally, a database would need to either be found, or created, to be used in
conjunction with our diet aid. We would also want to research how to market the technology
effectively and how much this marketing would cost. Another possible future work would be to
integrate the cell phone technology with the RFID diet aid. The RFID solution could be used

more in the home, while the cell phone solution could be used outside of the home.
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