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(57) Abstract: A diet and activity-mon-
itoring device includes a timer which
outputs a time-indicative signal. A body
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subject may operate to indicate when
they consume food. An activity calculator
receives the body activity signal and
determines a body activity level for
the subject. A consumption calculator
communicates with the consumption
notation control and receives the
time-indicative signal. The consumption
calculator determines and stores the times
when the consumption location control is
operated.
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DIET AND ACTIVITY MONITORING DEVICE

Field of the Invention

The present invention relates generally to activity monitors and diet monitors

and, more specifically, to a device that combines both diet and activity monitoring.

Background of the Invention

Management of diet, health, and fitness has drawn increasing amounts of
attention as their importance has been recognized, and as consumers around the world
have struggled to balance busy lives with fitness and proper diet. Despite the
recognized importance of good health, consumers, on average, are becoming
increasingly obese. This has resulted in a strong demand for devices and methods that
assist individuals in setting and reaching dietary and fitness goals. Currently available
devices and methods fail to meet the needs of average consumers.

There are serious problems with conventional weight loss programs. Weight
change is related to the user’s net caloric balance, the difference between caloric
intake and caloric expenditure. However, determination of caloric intake and caloric
expenditure are both problematic.

There are numerous difficulties in accurately determining caloric intake. In
some diet programs printed or electronic lists are used that provide the nutrition
content of a wide variety of food. The consumer keeps a diet log of all foods
consumed each day in order to determine their total nutritional intake. These systems
typically are laborious to use and only the most dedicated consumer will accurately
use these approaches. For example, a consumer must take the time to accurately

record the foods consumed each day. Obviously, recognition of foods consumed is
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most accurate if done at the time the foéds are consumed. However, many individuals
feel too rushed to record the foods consumed at the time and postpone recording for
later in the day or week. Also, some consumers are embarrassed to be observed
recording food intake during or following a meal. This also motivates the user to wait
to record their consumption until later. Obviously, accuracy suffers the more time
passes between consumption and recordation. An individual may entirely forget that
they had a snack or two earlier in the day or week, leading to undercounting of
consumption.

Determining total energy expenditure is also difficult. The total energy

. expenditure of a person comprises a resting metabolic component and a physical

activity component. Total energy expenditure (TEE) is the sum of resting energy
expenditure (REE) and activity energy expenditure (AEE), i.e. TEE = AEE + REE.
Weight loss occurs if total energy expenditure (TEE) exceeds total caloric intake over
a given time period. As discussed by Remmereit in U.S. Patent No. 6,034,132, 70
percent of total energy expenditure for a typical person is due to their resting
metabolic rate (RMR). In a conventional diet program, RMR is estimated from the
height, weight, age, and gender of the person, for example using the Harris-Benedict
equation. This equation, well known to those skilled in the nutritional arts, is given in
U.S. Patent No. 5,839,901 to Karkanen, and in U.S. Patent No. 5,639,471 to Chait et
al. There are serious inadequacies in using the Harris-Benedict equation (or any
similar equation) in a weight loss program. The Harris-Benedict equation provides
only an estimated RMR, which is an average value for people.of similar height,
weight, age, and gender. However, due to natural variations in physiology, the

equation may not be accurate for a specific individual.
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Conventional weight loss programs use an estimated total energy expenditure
(TEE) based on estimates of activity levels, and estimates of resting energy
expenditure (REE) from the Harris-Benedict equation. However, unless the resting
energy expenditure (REE) and the activity energy expenditure (AEE) are estimated
accurately, the person’s caloric balance cannot be known accurately, and the outcome
of a weight loss program is likely to be unsatisfactory.

Some users attempt to track their activity energy expenditure (AEE), either for
weight loss or general fitness purposes. In the simplest approach the individual
maintains an exercise log of activities conducted, such as distances walked or jogged.
Various graphs and tables can then provide an estimate of the calories burned during
these activities. As with recording consumption, an individual may fail to accurately
record the type and duration of activity undertaken leading to inaccurate recordation.
Also, an individual may not know how far or fast they ran or walked. A variety of
pedometers are available to assist with this task. Pedometers include some type of
stride counter in order to count the number of strides or paces taken by the individual.
The devices may be calibrated to allow them to determine the distance traveled with
reasonable accuracy. Through the use of timers, they may also be able to determine
the speed and duration of activity. Pedometers typically fail to take into consideration
changes of elevati'on, changes in length of stride and changes in intensity. For
example, a runner may combine slow walking with brisk running during an exercise
session. By combining total number of strides and duration of activity, the pedometer
may only deterrﬂine average speed, not instantaneous speed.

U.S. Patent Nos. 6,002,982 and 6,148,262 to Fry; 6,013,007 to Root et al;

6,009,138 to Slusky; and 6,032,108 to Seiple et al each disclose improved activity
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monitors utilizing a global positioning system (GPS). The devices track an.
individual’s position over time, using the GPS network. By periodically or
instantaneously comparing position and time, such a device is capable of determining
a performance profile with better accuracy than a typical pedometer.

Devices are also available for monitoring and tracking heart rate. The most
popular of these devices are sold by Polar Electro Oy of Finland. These heart rate
monitors includes a wristwatch-style display unit and a chest strap with a heart rate
sensor. The chest strap and display unit communicate wirelessly. The devices are
capable of accurately monitoring heart rate, which correlates reasonably well with
exercise intensity. Advanced devices include the ability to track heart rate over time
so that a heart rate profile may be produced.

Each of the above-discussed activity monitors fails to consider the dietary
intake portion of total health management. Instead, they are directed merely to
activity monitoring. In lfght of this, there remains a need for a device that combines
activity monitoring and diet monitoring, that is easy to use and provides accurate

results.

Summary of the Invention

The present invention improves on the prior art by providing a combination
diet and activity monitoring device for monitoring both the consumption and activity
of the subject. The effectiveness of weight management programs may be improved
through a more accurate determination of caloric balance. Improved determination of
caloric balance may be obtained by more accurate determinations of total energy

expenditure, (the sum of resting energy expenditure and activity energy expenditure)
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and caloric intake. The present invention focuses on improving the determination of
activity energy expenditure and caloric intake. Resting energy expenditure, the
energy expended by an individual at rest, may be accurately determined using an
indirect calorimeter, such as described in co-pending patent application Serial Nos.
09/630,398. As discussed in this application, resting energy expenditure is based on
resting metabolic rate. Resting metabolic rate changes over time, especially when the
subject changes their diet or exercise patterns. Thefefore, it is preferable to
periodically measure resting metabolic rate so that accurate determinations of resting
energy expenditure are available during a weight management program.
Determination of activity energy expenditure, which combined with resting
energy expenditure provides total energy expenditure, may be obtained by monitoring
a subject’s activity on a regular basis. The monitoring device according to the present
invention includes a body activity monitor for monitoring the body activity of the
subject. The body activity monitor is operable to output a signal indicative of the
subject’s body activity. An activity calculator may also be provided, which receives
the activity; indicative signal and determines a body activity level and/or energy
expenditure for the subject. The body activity monitor may be integral with the
monitoring device, or may be part of an auxiliary device. For example, the
monitoring device according to the present invention may take the form factor of a
wristwatch-style device or a belt or clothing-mounted monitor. In a wristwatch-style
device, the body activity monitor may comprise a heart rate monitor, monitoring the
heart rate of the subject. The heart rate of the subject increases with activity and
decreases when the subject is resting. By calibrating the activity monitor, the

subject’s activity level and activity related energy expenditure may be determined.
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The activity monitor may be calibrated using an indirect calorimeter, as described in
co-pending patent application Serial No. 09/684,440. The heart rate monitor may
form part of the wristwatch-style monitoring device and sense heart rate in the
subject’s wrist or other appendage. Alternatively, a separate heart rate sensor may be
provided such as a chest strap, that communicates with the monitoring device,
preferably using a wireless link. A belt or clothing mounted monitoring device may
also include a heart rate monitor as the body activity monitoring portion.

The body activity monitor which forms part of the monitoring device
according to the present invention may alternatively comprise a motion sensor such as
a mechanical pendulum or a single or multi axis accelerometer. An accelerometer is
preferred as it may provide information on body movement as well as the direction
and intensity of the movement. The motion sensor may form part of the wristwatch or
belt or clothing mounted monitoring device or may be part of a separate accessory
that communicates with the monitoring device. For example, if the monitoring device
according to the present invention takes the form of a belt or clothing mounted
housing, the accelerometer may be disposed in the housing and sense motion of the‘
housing. Because the housing is attached to the subject’s belt or clothing, motion of
the housing correlates with movement of the subject. Once again, the body activity
monitor may be calibrated to determine activity related energy expenditure using an
indirect calorimeter.

As another alternative, the body activity monitor may include multiple modes
for recording of variety of activities, such as swimming, biking, and use of stationary
exercise equipment. The body activity monitor may then be placed in the mode

corresponding to an activity that the subject undertakes. The subject presses a start
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button and the body activity monitor will record the duration of the activity. The
monitoring device may then determine an activity level based on the duration of the.
activity and the estimated intensity. The activity level may be adjusted by ti1e user to
increase the accuracy of the estimate. Alternatively, the body activity monitor portion
of the monitoring device may communicate with the exercise equipment or system of
equipment being used by the subject to allow transfer of accurate data related to
exercise. As one simple alternative, the body activity monitor may allow the subject
to create time-stamped exercise flags, corresponding to when exercise is undertaken.
To create an exercise ﬂag,l the subject manipulates a control on the monitoring device
at the time of the activity. Later, the time or the duration of the activity may be
recalled and an actual activify level be entered for tracking purposes.

It is preferred that the monitoring device according to the present invention
forms part of the system including a local remote computing device to which data
from the monitoring device may be downloaded for further manipulation. For
example, at the end of the day, the subject may download data from the monitoring
device to a home PC. The subject may then view the activity and consumption data
and have it during the day. The subject may then be prompted to provide additional
information about events such as exercise and food flags. This data may be used as
part of a determination of total caloric balance and as part of a weight loss program.

The monitoring device according to the present invention also preferably -
includes a consumption notation control for use by the subject to indicate when the
subject consumes food. This consumption notation control preferably provides a very
simple means for the subject to note when consumption occurs and avoids the

embarrassment and difficulty of recording the actual foods consumed during or
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immediately following consumption of the foods. In one embodiment of the present
invention, the subject manipulate a control on the monitoring device each time they
consume food, whether the food is a snack or a meal. The monitoring device records
the time the control was manipulated and creates a “food flag”. Later, the subject
may use the food flags to help them recall what they ate. Software on the local or
remote computing device may assist in thesés determinations by presenting options on
what was consumed based on past behavior and software settings. Alternatively, food
flags may also have a duration component. For example, a subject may manipulate
the consumption notation control once at the beginning of the consumption event and
again at the end of the consumption event. The duration of the event provides
additional data for use in determining what foods were consumed. As another
alternative, the consumption notation control may include and audio and/or video
recording device, allowing the subject to make audio and/or video notations as to
what was consumed. For example, the monitoring device may include a recording
mechanism such as a digital recording means. In addition to or alternatively to the
food flags, the subject may make a brief audio recording as to what was consumed.
Alternatively, or additionally the monitoring device may include a video recording
system such as a miniaturized camera. The subject may then photograph what was
consumed to allow an accurate determination of consumption at a later time. The use
of audio or video recording allows additional functionality. For example, the local or
remote computing device may be operable to provide voice recognition on
downloaded audio files from the monitoring device. Then, the subject’s auditory '
notes may be transcribed into written text for later reference by the user.

Alternatively, the software may determine what foods were consumed based on the
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auditory notation. Similar functionality may be provided with video recordings such
as digital pictures. The digital pictures may be transmitted to a remote site where an
administrative person reviews the picture and records what was consumed and
transmits this recording back to the subject. This may be provided on a subscription
basis. Alternatively, software could be provided which performs an image analysis on
the digital picture to assist in determining the foods consumed. As another
alternative, the monitoring device according to the present invention may include a
scanning device to allow it to scan and record bar codes and similar coded markings.
This functionality may be incorporated into the digital camera or may be separate.
Also, the scanner may form a separate unit from the remainder of the monitoring
device and communicate with the monitoring device through a wire or wireless
connection. The bar code scanning may be used to scan foods to be consumed as well
as other information such as data concerning exercise.

The monitoring device according to the present invention preferably also
includes a timer that outputs a time indicative signal for use in time stamping food
flags and exercise flags and for use in tracking activity during the day.

The diet and activity monitoring device may communicate with local and
remote computers using a wired or wireless connection, as well as through transfer of
memory modules. The local or remote computers may allow additional or easier
access to advance functions, such as diet and activity tracking over longer periods of

time.

Brief Description of the Drawings
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FIGURE 1 is a view of a first embodiment of a diet and activity monitoring
device and system schematically illustrating communication between the device and
local and remote computers;

FIGURE 2 is a schematic for a diet and activity monitoring device according
to the present invention;

FIGURE 3A is a front elevational view of a second embodiment of a diet and
activity monitoring device according to the present invention;

FIGURES 3B is a rear elevational view of the strap portion of the diet and
activity monitoring device of Figure 3A;

FIGURE 4 is a schematic of another embodiment of a monitoring device
according to the present invention;

FIGURE 5 is a sample screen view of a local or remote computing device
showing one version of a display of diet- and activity-related data;

FIGURE 6 is a schematic of yet another embodiment of a monitoring device
according to the present invention;

FIGURE 7 is a view of a street level map illustrating a running route as
tracked by the activity monitoring portion of one embodiment of the present
invention;

FIGURE 8 is a view of a street level map illustrating a location indicator to
assist a subject in locating where activity and/or consumption took place;

FIGURE 9 is a perspective view of an additional embodiment of a diet activity
monitoring device according to the present invention mounted on the belt of a subject

and illustrating wireless communication with a personal digital assistant; and
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FIGURE 10 is a front elevational view of an additional embodiment of a

monitoring device according to the present invention.

Detailed Description of the Preferred Embodiments

Figure 1 illustrates a wrist-mounted embodiment of a diet and activity
monitoring device 10 according to the present invention. Communication with
remote and local computing devices is also shown schematically. The monitoring
device 10 includes a case or housing 12 which connects to the wrist of a subject using
a wristband 14. A display 16 is arranged on the front of the case 12 so that it can be
periodically viewed by the subject. At least one control, such as button 18, is
provided for controlling functions of the monitoring device 10. Additional controls,
such as button 20, may also be provided. The monitoring device 12 is designed to be
worn or carried by the subject during their daily activity to allow convenient and
continuous monitoring of their daily activities and dietary consumption. The
monitoring device 10 preferably includes the capability to communicate with local
and remote computers using any of a variety of wired and wireless approaches. For
example, the monitoring device 10 may communicate with local computer 22 by
interconnecting a wire between the computer 22 and the device 10, or by “docking”
the monitoring device 10 into a communications dock associated with computer 22.
The monitoring device 10 may communicate with a personal digital assistant (PDA)
24 by docking therewith, or by wireless communication, such as inﬁaréd
communication or with a wired connection.

For purposes of this disclosure, local computer 22 and PDA 24 are defined to

include all computing devices, whether portable or stationary. This definition
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includes, but is not limited to, electronic books, laptop and handheld computers,
cellular phones, pagers, deskiop computers, and wearable computers.
Communication may be provided between the monitoring device 10 and the PDA 24,
with the PDA 24 later communicating with the local computer 22, or vice versa. The
monitoring device 10 may also interconnect with remote server 26. For example, the
monitoring device 10 may communicate with a web page running on a remote server
via the Internet. The monitoring device 10 may include cellular or other wireless or
wired communication capability so as to interconnect with the Internet either
continuously or periodically. Communication with a remote server 26 may be via the
local computer 22 or PDA 24. The monitoring device 10 may also include some type
of memory chip or memory module that may be removed from the monitoring device
10 and inserted into the local computer 22 or the PDA 24 for transfer of data.

The compact size and wearability of the monitoring device 10 allows the
subject to conveniently carry the device with them at all times. The device includes a
body activity monitor, which may be integral with or separate from the housing 12.
The body activity monitor monitors some aspect of the subject’s body activity
allowing the person’s total activity or caloric expenditure to be reasonably
determined. The body activity monitor may take several forms. For example, in one
preferred embodiment, the body activity monitor includes a global positioning system
(GPS) antenna and associated circuitry allowing the monitor to determine the position
of the subject. By monitoring the changes in the subject’s position throughout the
day, a reasonable approximation of body activity may be made. Alternatively, the
body activity monitor may take the form of a heart rate monitor. By monitoring the

S

subject’s heart rate over a period of time, a reasonable approximation of the subject’s
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activity level may be determined. In yet another embodiment, the body activity
monitor includes a motion sensor such as a one, two, or three axis accelerometer. By
processing signals from the accelerometer, the body activity monitor can determine
the motion of the monitoring device 10, and hence the subject, over a period of time.
From this, a reasonable approximation of body activity may be obtained.

The device 10 also includes a consumption notation control that the subject
operates to indicate when they consume food. For example, one of the buttons, 18 or
20, may serve as the consumption notation control. The subject presses the button
each time they consume food. Alternatively, the subject may press the button once
when beginning food consumption and again when done consuming food. Obviously,
this process is significantly simpler than filling out of a food log at the time of food
consumption. The device 10 stores the times of each consumption event as a food
flag. The duration of these consumption events may also be stored. The resulting
food flags may later be used to reconstruct and record the amount and types of food
actually consumed. A mode control may also be provided, such as another button.
The mode control may allow the subject to indicate whether the food is consumed is
breakfast, lunch, a snack, etc. The consumption notation control may take other
forms, such as an audio or video recording device and/or a bar code scanner. The
subject may later use a local or remote computer or PDA to perform analysis of the
data obtained by the monitoring device 10, and to reconstruct and recorded data such
as actual foods consumed, caloric balance, calories burned and other factors.

Referring now to Figure 2, a monitoring device according to the present
invention is illustrated schematically. As will be clear to those of skill in the art, the

various components of a monitoring device according to the present invention may be
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housed within a single housing, or may include multiple discrete components. For
example, body activity monitors may be separate from the remainder of the device.
Also, some components of the monitoring device may reside in a local or remote
computing device, with the wearable or carryable monitoring device serving as a
recording device with very little or no processing power. However, the device
preferably includes some type of processor such as a CPU 30 for processing and
controlling the various signals. A body activity monitor 32 provides a signal
indicative of the body activity of the subject to the CPU. A timer 34 outputs a time
indicative signal to the CPU 30. A consumption notation control 36 provides an input
to the CPU, allowing the subject to indicate when consumption occurs. An optional
mode control 38, in communication with the CPU 30, may be used to switch between
the various functions or displays of the device. The CPU 30 receives the signal from
the body activity monitor and operates as an activity calculator to determine the body
activity level for the subject. The CPU also serves as a consumption calculator by
communicating with the consumption notation control and the timer to determine and
store the times of the notation control as operated. The CPU 30 provides the data to
display 40 for viewing by the subject. The memory 42 is interconnected with the
CPU 30 and allows storage of data. Some form of communication is provided for the
device, such as communication transceiver 44. This may be a wired or wireless
transceiver.

Referring now to Figures 3A and 3B, a second embodiment of a wrist-
mountable diet and activity monitoring device according to the present invention is
generally shown at 50. The device 50 includes a case 52 with a strap 54 for

interconnecting the device with the wrist of the subject. A display screen 56 includes
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a time display 58, a mode display 60, a food flag display 62 and an activity display

64. The perimeter of the case 52 provides a variety of buttons or controls, such as

food flag button 66 that is operated to indicate when a consumption event has begun,
and may also be used to indicate the termination of consumption. Microphone 68
may also be provided for recording sounds. In this embodiment, an infrared port 70 is
provided next to the microphone 68. A mode button 72 is provided on the front face
of the case 52 for switching the device between various operating modes. For
example, the mode button may be used to determine whether a food flag or an activity
flag is to be recorded and what type of food or activity is recorded. The sides of the
case 74 and 76 may also form buttons for operating other functions such as initiation
of infrared downloads and uploads. In some embodiments, the backside of the case
52 includes a heart rate sensor 78, as shown in Figure 3B. As will be clear to those of
skill in the art, there are a variety of approaches to determine heart rate using a wrist-
mounted device. One preferred approach is photoplethysmography where an infrared
light source and corresponding sensor measure infrared light either reflected from or
transmitted through the wrists or other body part of the user. Other approaches such
as pneumatic plethysmography, impedance cardiography, phonocardiography or

electrocardiography may be used.

GPS Version of Monitor

As mentioned previously, the body activity monitor and the consumption
notation control may each take a variety of forms. Therefore, multiple versions of a
diet and activity monitoring device according to the present invention are possible. In

one preferred embodiment, as shown in Figure 4, the body activity monitor 80
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includes a GPS antenna 82 and processing system for determining the position of a

subject wearing or carrying the monitoring device 84 using GPS signals. In this

embodiment, the device uses the GPS signals to periodically or continuously

determine the location of the subject. A timer 86 is also provided for producing the
time-indicative signal. A CPU 88 functions as an activity calculator 90, and receives
a position indicative signal from the GPS-based activity monitor and time signal from
the timer 86. Using these two signals, the activity calculator can determine changes in
position of the subject as well as the rate of change in position. This allows a
determination of move'ment or body activity. The position and time data and/or the
body activity data are stored to memory 92. This in turn may be correlated with
caloric expenditure and storage of correlated time and position data in memory, for
use in determining whether the subject is gaining or losing weight. The device may
be calibrated to determine caloric expenditure using a calorimeter, as described in co-
pending patent application Serial No. 09/684,440. Some or all of the CPU
functionality may be in the monitoring device 84, a local or remote computer, or
shared between them.

The device also includes a consumption notation control 94, such as a button
or other control that the subject operates each time they consume food. The CPU 88
in the device also functions as a consumption calculator 96. The consumption
calculator 96 receives a signal from the consumption notation control 94 and the time
signal from the timer 86 and stores the time for each consumption occurrence in
memory 86. Optionally, the device may require or allow the user to again operate the
control 94 to signal that the consumption event has ended. In> use, the subject

interconnects the monitoring device 84 with a wrist or otherwise carries the device
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when they begin their daily activities. As the subject carries the device during their
daily activities, it records where they have been and the times they have been there.
Each time the subject consumes food, such as breakfast, a snack, or even a drink, they
operate the consumption notation control, such as by pressing a button, to create a
food flag. This data is stored in mémory 92. Periodically, such as each evening or the
end of each week, the subject transfers data from the monitoring device 84 to a local
or remote computing device using corﬁmunication transceiver 98. For example, the
communication transceiver may be an infrared communication port that allows data to
be transmitted to a local computing device that also includes an infrared port.
Software on the computing device allows analysis and processing of the data from the
monitoring device.

Figure 5 shows a sample screen display from a local computing device such as
a home computer. In the upper left corner of the screen, a graph of activity level vs.
time 100 is shown. This represents body activity data as determined by processing
the position data from the GPS along with the time data from the timer. In the lower
left corner of the screen is a location log 102 indicating the general position of the
subject during the day. By comparing the activity level vs. time chart 100 with the
location log 102, it can be seen that from 6:30 am to 7:14 am the subject went
running, as indicated by a very high activity level. The location log indicates that the
subject’s location was “running route A: 4.3 miles at 5.7 mph.” Because the GPS
locates the subject continuously and periodically over time, the actual location of the
subject with respect to known landmarks may be determined. In this example, it is
assumed that this subject has previously run the same route. The first time the subject

ran the route, the software on the computing device may have indicated that a high
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level of activity was performed but did not label the activity. The software may graph
out the route followed by the subject, as shown in Figure 7. The subject could then
label this route as “running route A.” Later, the subject may label other routes with
other names. In analyzing the data received from the monitoring device, the software
on the computing device determines that the route tak'en on this particular day
corresponds to a route previously labeled as running route A. This subject’s distance
and running speed are also determined. As will be clear to those of skill in the art,
other capabilities may be provided in the software.‘ For example, the map of Figure 6
may allow the user to zoom in and see actual speeds and times at various positions
along the route. A caloric expenditure value may also be assigned to this amount of
exercise at this rate, either based on estimates or based on a calibration using a
calorimeter. For example, on one occasion, the subject may wear a portable
calorimeter while running the route labeled “A” to record actual caloric expenditure
during this running route. In the future, repetition of this running route is assumed to
burn a similar number of calories. Speed changes may be compensated for by scaling
the caloric expenditure up and down. As an additional alternative, calibration may be
performed using a treadmill, either With or without a calorimeter. In one approach,
the subject runs their route while wearing the monitoring device equipped with GPS
or other locating capability. The route information, including distances, speéds,
inclines, and declines are then transferred to a computer system that controls a
treadmill. The subject may then run the same route on a treadmill programmed to
duplicate the running route previously run. That is, the treadmill would duplicate the
speeds, distances, inclines and declines of the actual running route. The treadmill or

other computing system may then estimate calorie expenditure based on the speeds
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and inclines and declines. For example, some treadmills include the capability to
estimate caloric expenditure based on a variety of factors. Alternatively, the subject
may wear an indirect calorimeter while duplicating the running route on the treadmill.
This simplifies the use of the calorimeter since the subject is not required to wear the
calorimeter outdoors. Also, it allows the calibration process to be performed at a
facility such as a gym.

Referring again to Figure 5, it can be seen that the activity level returns to a
low level up until about noon. During this time, the location log indicates the subject
returned home for 45 minutes, commuted to their office, and spent the rest of the
morning at the office. Once again, when the monitoring device acéording to the
present invention, along With the software according to the present invention, is first
used, the subject may provide names for various activities and locations. These
locations are later recognized and labeled with more familiar names

The activity level returns to a higher level from shortly before noon until about
1:00. During this time, the location log indicates “gym.” At the gym, the subject may
have performed any of a variety of exercises. For example, if the subject went for a
walk on a track, the GPS tracks their location and the time and determines their
activity level. However, a GPS based activity monitor may be poorly suited to some
activities wherein the subject does not move their location, but does expend energy.

If the subject spends 45 minutes on a stationary bicycle, the subject may
expend a significant amount of energy, but not move their location sufficiently to
register on the GPS. Therefore, in some embodiments of the present invention, the
monitoring device includes more than one activity-related monitor. For example, in

the present embodiment including a GPS, the device may also include a heart rate
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sensor either as part of the device itself, as shown in Figure 3B, or as an auxiliary unit
such as a chest strap that wirelessly communicates with the monitoring device. The
subject may wear the heart rate sensor at all times or may wear it only when
performing activities for which the GPS Wil} not provide an accurate indication of
body activity. Referring again to Figure 4, the activity calculator 90 then receives a
signal from both the GPS based activity monitor 80 and the heart rate sensor 104, or
may be set to receive only one of the signals. If the subject is using a piece of
stationary exercise equipment, the heart rate signal will be elevated, but the GPS
signal will indicate that the subject is stationary. In this case, the on-board processor,
or the software in the local computing device determines that the subject is exercising
on a stationary piece of equipment and determines an activity level and/or caloric
expenditure based on the heart rate data. As another alternative, the monitoring
device may include a mode control 106 allowing the subject to place it in a variety of
different operating modes. Among these modes may be a selection of particular
exercises and type of monitoring. For example, the subject may place the monitor in
a “stationary bicycling mode” at the time the subject begins his activity. The timer 86
may also be used to time the duration of this type of activity. By combining the time
and/or heart rate signal with the fact that the monitor is in a particular mode, the
activity calculator 90 can determine an activity level and/or caloric expenditure. Once
again, the device may be calibrated using a calorimeter. Alternatively, the device may
create an “exercise flag” with a time stamp to serve as a reminder.

As another alternative, many pieces of exercise equipment include their own
monitoring device. As shown in Figure 4, the monitoring device 84 according to the

present invention may communicate with the monitoring device 108 on the exercise
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equipment in order to obtain additional data. For example, a stationary bicycle may
include an on-board computer that measures speed, duration, and other factors. This
data may be transferred to the activity calculator 90 and used in determining activity
level or caloric expenditure.

At some exercise facilities, the various exercise equipment is interconnected
or networked to allow computerized recording of an entire workout. This data may
also be transferred to the monitoring device. Alternatively, the monitoring device
may include a mode wherein the subject can input an activity level or caloric
expenditure. For example, if the gym includes a system that determines an activity
level or caloric expenditure for a workout, the data output by this system may be
manually input into ;che monitoring device 84 using manual input 110. The manual
input 110 use various buttons or controls to set the input to the desired level. If the
computer system at the gym indicates that the subject burned 1100 calories, the
subject could toggle the display 112 on the monitoring device until it indicates that
1100 calories were burned. This data may be incorporated with the remaining activity
level and used in calculating overall activity levels and caloric expenditures. The
monitoring device may also save previous settings so that the next time the person is
at the gym, they can just indicate that the same exercise was performed for the same
amount of time, thereby minimizing the amount of manual input or data transfer. As
yet another alternative, the data from the various exercise equipment or from the
exercise facility may be directly transferred to the person’s home computer or other
computing device for incorporation into the overall monitoring system.

Referring again to Figure5, the activity level graph 100 shows a moderate

level of activity while the subject is in the gym. This may be determined from GPS
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data or from other sensors. An additional type of sensor which may be provided for
use with the present invention is an accelerometer or other type of motion sensor.
This may be attached to the subject’s belt to determine motion of the subject. This
allows determination of activity levels on some “stationary” equipment. For example,
if the subject is using a stair climbing exerciser, the subject’s belt will experience
movement that correlates with the subject’ s duration and intensity of exercise. A
motion sensor 114 is shown in Figure 4 communicating with activity calculator 90.
Other sensors may be used as well. For example, a respiration sensor 105 may be
used in place of or in addition to the other sensors to assist in determination of
activity. Respiration rate and depth generally correlate with energy consumption.
Therefore, monitoring a subject’s respiration provides additional data useful in
determining activity level. Respiration sensors may take several forms. For example,
a chest strap may be used to measure expansion of the subject’s chest. Alternatively,
ultrasonic sensing may be used to measure expansion and contraction of a subject’s
chest. Aspects of ultrasonic-based sensors and monitoring are further described in co-
pending patent application Serial No. 09/669,125 and co-pending provisional patent
applications Serial Nos. 60/195,779, 60/206,905, and 60/225,454. Respiration sensors
are also available from Friendly Sensors of Germany. Respiration may also be sensed
using a flow meter or an indirect calorimeter that the subject breathes through. Other
types of respiration sensors may also be used.

Referring now to Figure 6, an additional embodiment of a monitoring device
according to the present invention is generally shown at 120. This embodiment
differs from the previous embodiment in that it includes a position and/or activity

discriminator 122 as part of or in communication with the body activity monitor 124.



WO 01/52718 PCT/US01/02101

10

15

20

-23-

The discriminator 122 may take several forms, but functions to determine the position
and/or activity of the subject using the monitor 120. To do SO, the discriminator
determines the proximity of the subject to various devices and locations, such as
exercise equipment and buildings. In one embodiment, the discriminator 122 is a
wireless transceiver, such as using the blue tooth protocol that recognizes and/or
communicates with radio tags connected to various equipment. For example, a pair of
running shoes, 126 may have a radio tag embedded in the shoes or connected thereto.
Likewise, a radio tag may be part of or connected to a stationery bike 128, a road bike
130, or a pair of cross-country skis 132. When the discriminator 122 recognizes a
proximity to the running shoes, this information is transmitted to the body activity
monitor 124 and activity calculator 134. The monitor 120, or local or remote
computing device used to process data from the monitor 120, then uses the
information that the running shoes 126 were close to the monitor 120 during a certain
period of timé. In a simple version, this merely creates an exercise flag with a start
and stop time corresponding to the duration of use of the running shoes. In more
advanced embodiments, a signal may be received from a GPS 136, a heart rate sensor
138, and/or a motion sensor 140. Information from the discriminator 122 indicates
the type of equipment being used and the body activity information from the GPS
136, the heart rate sensor 138, and/or the motion sensor 140 allows the activity
calculator 134 to determine the type of activity being performed, the duration of the
ac"civity, and the intensity of the activity. Once again, the monitor 120 or the software
on the local or remote computing device may be calibrated to improve the accuracy of
the body activity level determined by the system. The discriminator 122 may also

determine proximity to locations such as gym 142. For example, a gym may have a
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blue toothed-enabled transmitter allowing the discriminator 122 to determine
proximity to the gym 142. Other locations may also be radio tagged. As one
example, the discriminator 122 may determine that the subject is in the gym 142 and
close to a stationery bike 128. Calibration data may be stored for this particular
stationery bike 128. The various pieces of equipment may also transmit exercise data
to the discriminator 122 to provide additional information for calculating activity
level. For example, the running shoes 126 may include an c?mbedded motion or force
sensor which transmits to the discriminator 122 or body activity monitor 124
providing additional data on exercise parameters. As will be clear to those of skill in
the art, other approaches to determining the proximity of the monitoring device 120 to
various equipment and/or locations may also be used. The discriminator 122 may
also be used to provide some of the functionality of a GPS, such as providing a
location log 102 as shown in Figure 5. Thié information may be used for activity as
well as consumption, as will be discussed herein below. As will be clear to those of
skill in the art, the discriminator may communicate with a wide variety of eqﬁipment.
In addition, the discriminator may be programmed to recognize particular radio tags
not previously programmed into the discriminator or the monitoring device.
Additional sensors may also be provided and communicate with the body activity
monitor either directly or through the discriminator. For example, motion sensors
may be interconnected with the wrist and/or ankles of a subject with the sensors
communicating with the monitoring device. This allows the monitoring device to
record additional information as to body activity. Also, the sensors may be wired to
the monitoring device, communicate wirelessly, or transfer data in a batch using a

memory module or direct interconnection at a later time.



WO 01/52718 PCT/US01/02101

10

15

20

-25-

In Figure5, the activity level graph 100 shows that the activity level returns to
a low level from 1:00 until shortly after 7:00. During this time, the subject, as
indicated in the location log 102, returns to the office, commutes home, spends some
time at home, and then goes out to eat. Obviously, the GPS will indicate that the
subject has moved a significant distance when the subject is actually not exercising.
For example, when commuting, the GPS unit will indicate significant movement by
the subject, though this movement is not attributable to exercise. As discussed
previously, when the subject first uses the system of the present invention, they may
designate certain movement patterns as correlating with certain activities, such as
commuting. Also, if the monitoring device according to the present invention
includes more than one body activity monitor, such as heart rate sensor or motion
sensor in addition to the GPS, the data from the additional sensors allows the system
to determine whether motion is due to exercise or due to other factors, such as riding
in an automobile. For example, when a person is driving, the GPS will show
significant amounts of movement, but the heart rate sensor indicates that the subject is
not exercising sufficiently to move this much.

It is preferred that the software used with the system according to the present
invention learns over time to minimize the amount of input required of the subject.
For example, the system has “learned” that travel over a particular route resulting in a
particular set of data from the GPS or other sensors corresponds to commuting. Later,
if the subject drives to a different location, the system determines that this is again a
commuting activity, since the distance and speed are too great to correspond to
running or bicycling. Also, the GPS system may provide data allowing the system to

look up what actual locations are and determine the likely type of activity
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corresponding to movement in those areas. For example, if the GPS indicates that the
person has moved from one city to another by a particular route, the system can
determine whether the person traveled by automobile, train or airplane.

Returning to Figure 5, there is again an increase in activity level beginning
shortly after 7:00 extending to about 8:30. Looking at the location log, the location
log indicates that the person was at an unknown iocation. This is the case where the
subject has not previously been in the same location while using the system, or has
not previously labeled the location. The system preferably provides the subject with
an opportunity to view the location, as indicated. Figure 8 shows a map with a
location indicated where the subject was at the particular time. The system may look
up this location in a database to determine what is located at the position, or the
subject may input what they know about the location. In this example, we will
assume that an ice skating rink is located at the location indicated on the map of
Figure8. The subject may then return to the view of Figure 5 and input that the
unknown location is actually an ice skating rink. The activity level may then be
correlated with a caloric expenditure or activity level based on the activity being ice-
skating.

The monitoring device or the computing device may convert body activity, as
sensed by any of the variety of activity monitors or sensors, to caloric expenditure,
activity level of some type, points, or any other system. For example, points may be
provided as part of a competition.

Referring again to FigureS, a food flag chart 150 is shown in the middle of the
display and a consumption log 152 is shown in the lower right corner. Food flags are

shown at the times during the day that the subject operated the consumption notation
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control 94. Five flags are shown. For each flag, the time and duration is shown in the
consumption log. As mentioned previously, duration for each food flag is optional.
The subject may indicate the time at which consumption begins and, optionally, when
consumption ends. The display of Figure 5 assumes that duration is known.
Additionally, the food flags may be labeled as breakfast, snack, lunch, etc. based on
the time of consumption. Alternatively, the mode control 106 on the monitoring
device may be used to indicate what type of consumption, such as breakfast or snack,
is occurring. Alternatively, more detailed modes may be provided so that the mode
control may be used to indicate a more specific type of consumption, such as “salad
and diet Coke”. Preferably, the selection of modes are limited to those that the
subject typically uses. An unlabeled or unknown label may also be used where a
particular mode does not fit the consumption being undertaken. As shown in the
consumption log 152, the first food flag occurs at 7:20 am and lasts for 20 minutes. A
column is also given for location, as determined by the GPS if so equipped. This food
flag occurred when the subject was at home. Based on previous entries, the software
presents three choices for what was consumed during the first food flag. It indicates a
breakfast A, breakfast B, and a custom entry. Breakfasts A and B are previous
breakfasts eaten by the subject at home in the morning. Breakfast A is 'highlighted
indicating that the software will default to ;:hoosing breakfast A if another choice is
not made. The default choiceé may be based on previous behavior. For example,
previous behavior shows that on most weekday mornings the subject eats breakfast A,
while on weekend mornings, the subject eats breakfast B. A custom choice is also
provided wherein the subject may enter an auxiliary screen where a variety of foods

may be entered. Additional information on food logging, which may form part of the
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present invention, is disclosed in co-pending patent application Serial No. 09/721,382,
filed November 22,2000.

Returning to the consumption log 152, the second food flag occurs at 12:50
and lasts for 10 minutes. The location is given as the gym. Based on previous
behavior, the software suggests two possible lunches that the subject may purchase at
the gym, as well as a custom option. Once again, one choice is highlighted as the
default choice. The third food flag indicates a snack at about 4:00 pm at the office
and a variety of choices are given based on past behavior.

At 6:25 pm a food flag occurs and lasts for 35 minutes. The location for this
food flag is Tony’s Pizzeria. As with the activity level and location log, the subject
may have given labels to locations where meals were eaten. In this case, the subject
has previously eaten at Tony’s Pizzeria and has two typical meals labeled as dinner
T1 and dinner T2. A custom choice is also provided that allows the subject to view
the menu from Tony’s Pizzeria. According to an additional aspect of the present
invention, the software may include menus for a variety of restaurants including
typical fast food restaurants and restaurants in the subject’s home location. Also,
electronic menus may be provided by individual restaurants that participate in a
program run by the distributor of the present system. Menus may also be distributed
via the Internet with the menus provided by the software provider, other providers,
individuals, or the restaurant itself. When the subject first visited Tony’s Pizzeria, the
system identified the location based on the GPS signal. In this case, the electronic
menu, if available, may be presented allowing the subject to pick the items they
actually consumed. Alternatively, the location may have been unknown and the

subject may have inputted the name, as well as the foods eaten. The final food flag is
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another snack, which was eaten at home. Suggestions are provided and one
suggestion is highlighted as the default choice.

The monitoring device or the computing device can use the information from
food consumption or food flags to determine caloric intake or energy intake in other
units. For example, Weight Watcher ® points may be used. The monitoring device
may include a button dedicated to the input of Weight Watcher® points or may
include a mode for entering Weight Watcher® points. Such an approach may also be
used with the local computing device for recording of food consumption. Also, other
point systems or measuring systems may be used.

As will be clear to those of skill in the art, the combination of the monitoring
device and the software as just described provides a very simple approach for
monitoring diet and activity. Even the subject who makes minimal use of the system,
will still have significantly more information about diet and activity than without the
system. Also, through minimum interaction with the system, the subject may make
the system recognize particular activities and make it very simple to choose particular
foods consumed each day. If the subject does not have enough time to review the
suggested food choices on a particular day, the software, based on learning from past
behavior, can make a reasonable estimate of food consumed, based on locations and
times of the food flags.

In a simpler version of the present invention, the food flags rﬁay consist
merely of time and/or duration flags without the software providing suggested meals.
Even so, the food flags provide a valuable reminder as to what was eaten on a
particular day. For example, if a subject knows that they consumed fo<;d five

different times on a particular day, and what those times were, it is less likely they
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will forget to record a particular meal in a food log. Provision of location data, in
some embodiments, provides even more of a reminder.

In another embodiment of the present invention, the diet and activity
monitoring device is provided with an audio or video recording capability either in
place of in addition to a button which is pressed for food flags. An audio/video input
95 is shown in Figure 4. An audio signal may be digitally recorded onto a memory
device in the diet and activity monitor. When the subject consumes food, they can
push a record button and speak into a microphone on the monitoring device. The
digital recording is stored for later playback to help the subject reconstruct what was
eaten at a particular meal. For example, following a meal, the subject may record
“large salad, low fat ranch dressing, iced tea.” Later, the subject may play back this
recording either from the monitoring device itself or from the local or remote
computing device. The subject may then log the foods that were eaten. The time and
location of the recording may also be noted by the device. Alternatively, the local or
remote computing device may include voice recognition capability so as to change the
voice recording into a typed message, or to interpret the message and to determine
what was actually eaten. For example, following lunch, the subject may record lunch
A and a system will later interpret this to mean that the subject consumed a meal
previously designated as lunch A.

In one embodiment of the present invention, the monitoring device 84 includes
wireless communication, such as a cellular communication, or as part of a cellular
telephone. Audio recording capability is provided by a simplified interconnection to a
remote device that records whatever is spoken into the monitoring device. For

example, if the monitoring device is part of or an accessory to a cellular telephone, the
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cellular telephone can speed dial a telephone number connected to a recording device.

" The subject then speaks into the cellular telephone as if making a phone call and the

remote location records what is spoken. The audio recording may be transmitted to a
local or remote computing device where additional processing is provided. Video
recordings may also be transmitted wirelessly for additional processing.

As known to those of skill in the art, digital still and motion cameras are
becoming increasingly compact. Wrist watch-based digital cameras are known in the
art. For example, an optical imaging sensor and an imaging control may be provided
to capture pictures. This capability may be incorporated into the monitoring device
according to the present invention, allowing the subject to take a picture of food to be
consumed. This capability may be in addition to, or substitute for, a button or audio
recording. Once again, time and/or location may be recorded. This picture may be
later displayed as a reminder when logging foods, or the picture may be processed by
the computer to help determine what foods were consumed, or an administrator of the
system may view the picture and input foods consumed for the subject under some
type of subscription program. These aspects of the present invention are further
explored in co-pending provisional patent application Serial No. 60/230,860. Bar
code scanning or image recognition may also be provided to create food flags and to
record information about consumption. The monitoring device may also
communicate with other devices such as scanners at a grocery store to transfer
information concerning foods purchased or consumed. Information may also be
directly transmitted from a device at a place of consumption, such as a restaurant,
concerning the food consumed by the subject. For example, the subject enters a

restaurant and orders a meal. After ordering or consuming the meal, a computer at
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the restaurant transmits information concerning the consumption to the monitoring
device. The monitoring device may also communicate With or interconnect with a
food scale for recordation of food quantity as described in co-pending provisional
patent application Serial No. 60/234,866.

In some embodiments of the present invention, body activity monitoring may
be dispensed with. Instead, the monitoring device serves as a diet monitoring device
and includes any or all of the above capabilities, such as creation of food flags, audio
recording and video recording. In embodiments of the present invention that do
include body activity monitoring, audio or video recording may also be used to note
exercise conducted. For exampl.e, the subject may record a note saying, stationary
bike, 400 activity points”. This allows a simple approach to recording exercise data
displayed by the stationary bicycle at the completion of exercise and may be later
used to determine an activity level. Also, voice recording may be used to indicate the
start and end of exercise. For example, if the subject goes swimming, they may record
a brief note saying “begin swimming” when they start their exercise. Later, at the
completion of the exercise, they may record a note saying “end swimming, 10 laps”.
Timestamps associated with audio recordings allow determination of the duration of
exercise. Once again, voice recognition may be used to enhance the capabilities of
the system. These same features may be used in the embodiments that include body
activity monitoring as well.

As mentioned previously, body activity monitors other than a GPS-based
tracking dgvice may be provided in addition to or in place of the GPS. In one
embodiment, the monitoring device according to the present invention includes a

motion sensor and/or heart monitor that allows determination of activity and/or
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caloric consumption. By recording body motion and/or heart rate.throughout the day,
activity level may be determined. In addition, a motion sensor allows determination
of additional data concerning exercise, such as intensity and type of activity. That is,
if the motion sensor includes an accelerometer, the accelerometer will output a signal
indicating the motion experienced by the accelerometer. The signal will have certain
shapes depending on the activity undertaken. While riding in an automobile, the
accelerometer will experience certain vibrations and movement indicative of transport
by automobile. When climbing stairs, a different signal will be created. Running or
walking will create yet other signals. At the end of the day, a chart may be created of
the motion experienced by the accelerometer throughout the day. Software on a local
or remote computer device can process the signal to determine activity levels. The
user may also input activities conducted at various times and calibrate the signal using
an indirect calorimeter. Similar considerations apply to the use of a heart rate
monitor. Generally, heart rate correlates with body activity and expenditure of
energy. At the end of the day, the heart rate signal may be downloaded and processed
to determine activity level. Inclusion of more that one type of activity monitor such
as a GPS and a heart rate monitor, allows increased accuracy in the collection of
additional data. Also, activity data may be processed to help in the determination of
consumption. For example, when a person consumes a meal, it is typical for them to
sit still during the meal. Also, their location may indicate that consumption is
occurring. For example, if the body activity data indicates that the subject has sat still
for twenty minutes in a location known to be a fast-food restaurant, a food flag may

be automatically created.
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Referring now to F igurg: 9, a belt-mounted embodiment of a monitoring device
according to the present invention is generally shown at 160. The device includes the
housing 162 with the display 164 and one or more controls 166. A memory module
168 may be provided for storage and transfer of data. A PDA 170 is also illustrated in
wireless communication with the monitoring device 160. A belt-mounted version of
the present invention is particularly well suited to the use of an accelerometer or other
motion sensor as a body activity monitor because movement of a subject’s belt
closely correlates with their body activity. The device may also be detachable from
the belt to connect with other devices or to allow voice or video recording. The
controls 96 may be manipulated to create food flags or exercise flags or to change the
operating mode of the device. Figure 8 illustrates an additional, more stylized version
of a belt-mounted or clothing-mounted monitoring device according to the present
invention. '

The monitoring device according to the present invention may take other
forms. For example, the monitoring device may be a PDA that includes or
communicates with a body activity monitor. The PDA may have an accelerometer
built in or interconnected therewith, as described in co-pending patent application
Serial No. 09/669,125. Use of the PDA as the monitoring device allows enhanced
functionality at the cost of additional bulk. For example, in addition to recording food
flags, the PDA could be used to log actual foods consumed either at the time of
consumption or later. Also, additional information may be easily input as to activity
level.

As mentioned previously, it is preferred that a subject obtain their resting

energy expenditure using an indirect calorimeter. Information concerning resting
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energy expenditure may be transferred to the computing device or uplo.aded to the
monitoring for display to the user. A resting energy expenditure may also be obtained
from other less preferred sources. There are several approaches to determining the
resting expenditure and/or total energy expenditure, each with varying degrees of
accuracy. A traditional approach to calculating resting energy expenditure is the use
of equations or charts. A computer model may also be created for a person based on
their height, weight, sex, age etc. and a prediction may be made for resting energy
expenditure. Activity energy expenditure may also be scaled up and down based on
resting energy expenditure. That is, it may be assumed that a smaller person with a
lower resting energy expenditure will expend less energy when involved in an activity
such as walking than a larger person with a larger resting energy expenditure.
Because the system according to the present invention collects a large amount of data,
resting energy expenditure and activity energy expenditure may be adjusted based on
this data. For example, a system according to the present invention includes
additional information about the person such as age, sex, weight, etc. Also, it is
preferred that the tracking data is input periodically, such as body weight and/or body
fat percentage. This data may be obtained by a bathroom scale or other devices and
manually input to the system or wirelessly communicated. By tracking recorded food
intake, recorded activity level, and resting energy expenditure, a prediction of body
weight and body fat changes may be made. By tracking actual changes in body
weight and body fat, adjustments may be made in the predicted algorithms or the
assigned values for resting energy expenditure, activity energy expenditure or the
consumption may be adjusted. For example, the system can learn that a particular

user, while measuring a high resting energy expenditure using an indirect calorimeter,
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actually has a lower resting energy expenditure as evidenced by the slower loss of
weight. This may be due to impréper use of the indirect calorimeter or other factors.
Alternatively, the system may adjust the calorie expenditure assigned to various
activities undertaken by the user. Such adjustments can result in much more accurate
prediction on weight loss and success with a weight management program.

Once resting energy expenditure is known, the monitoring device may then
display calorie balance, which is the difference between calorie consumption and total
energy expenditure. Total energy expenditure is determined by adding the activity
energy expenditure to resting energy expenditure. Caloric consumption is determined
from food consumption. The monitoring device may make various assumptions
concerning consumption and/or activity energy expenditure in order to provide a real
time or periodic caloric balance. For example, the monitoring device may assume a
certain number of calories consumed each time a food flag is created, or food flags
may be provided with various values based on the time of consumption or other data.
If activity level is monitored throughout the day, an estimate of caloric expenditure
may also be determined for use in determining a caloric balance. A variety of
approaches may be used to show progress of the user. For example, in Figure 10, the
monitoring device has a display showing a bar graph for food and a bar graph for
exercise. These bar graphs may be used to show progress towards a goal or caloric
balance. For example, in order to meet an activity expenditure target, the subject
needs to exercise until the bar graph moves to its full length. A food bar graph may
be sized such that the subject attempts to limit their consumption such that the bar
graph does not extend completely to the right side. Also, the monitoring device may

display information from previous days showing caloric balance for individual days
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or weeks, etc. This information may be uploaded from the local or remote computing
devices back to the monitoring device for display to the user. The present invention
may also be used as part of a feedback system as described in co-pending patent
application Serial No. 09/685,625.

5 As will be clear to those of skill in the art, the present invention mail be altered
in various ways without departing from the scope or intent of the present invention. It
is the following claims, including all equivalents, which define the scope of the
present invention.

I claim:
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1. A device for monitoring the diet and activity of a subject comprising:

a timer operable to output a time indicative signal,;

a body activity monitor for monitoring the body activity of the subject, the
body activity monitor operable to output a signal indicative of the body activity of the
subject;

a consumption notation control operable by the subject to indicate when the
subject consumes food;

an activity calculator operable to receive the body activity indicative signal
and to determine a body activity level for the subject; and

a consumption calculator in communication with the consumption notation
control and operable to receive the time indicative signal, the consumption calculator
further operable to determine and store the times when the consumption notation

control is operated.

2. The monitoring device according to claim 1, wherein the body activity
monitor comprises:
a heart rate monitor operable to determine the heart rate of the subject, the

body activity indicative signal being a heart rate indicative signal.

3. The monitoring device according to claim 1, wherein the body activity
monitor comprises:
a motion sensor operable to determine the motion of the subject, the body

activity indicative signal being a body motion indicative signal.
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4. The monitoring device according to claim 1, wherein the body activity
2 monitor comprises:

a GPS based tracking device operable to determine the position of the subject,
4 the body activity indicative signal being a position indicative signal; and

the activity calculator further being operable to receive the time indicative
6 signal, the activity calculator determining the body activity of the subject by

determining the changes in the position of the subject over a period of time.

5. The monitoring device according to claim 1, wherein the body activity
2 monitor comprises:

a respiration sensor operable to sense respiration of the subject.

6. The monitoring device according to claim 1, wherein the consumption
2 notation control comprises:

an audio recorder operable to receive audio notations from the subject. ‘

7. The monitoring device according to claim 1, wherein the consumption
2 notation control comprises:

a digital camera. .

8. A portable device for recording diet and exercise data for a subject, the
2 device comprising:
a housing configured to be carried by the subject;

4 a display for displaying information to the subject;
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a body activity monitor operable to monitor the body activity of the subject;

an input operable by the subject to note when food consumption occurs;

a timer operable to output a time indicative signal;

a processor in communication with the input and operable to receive the time
indicative signal, the processor further operable to determine and store the times when

the input is operated by the subject.

9. The device according to claim 8, further comprising a microphone and
a microphone control, the microphone control operable to receive and store an audio

signal from the microphone whereby the subject can record an audio notation.

10.  The device according to claim 9, further comprising voice recognition
software operable to convert the audio signal into data representative of a text

message.

11.  The device according to claim 8, further comprising an optical imaging
sensor and an imaging control, the imaging control operable to receive and store an

optical signal from the imaging sensor.

12.  The device according to claim 8, wherein the body activity monitor
comprising a locating device operable to determine the location of the subject

carrying the device.



WO 01/52718 PCT/US01/02101

-4] -

13. The device according to claim 12, wherein the locating device is a

2 global positioning system based locating device.

14.  The device according to claim 12, wherein the body activity monitor is
2 further operable to receive the time indicative signal and to determine the rate of

change in the location of the subject and the body activity of the subject.

15.  The device according to claim 8, wherein the body activity monitor

2 comprises a heart rate monitor.

16.  The device according to claim 8, wherein the body activity monitor

2 comprises a body motion sensor.

17.  The device according to claim 8, wherein the body activity monitor

2 comprises a respiration sensor operable to sense respiration of the subject.

18.  The device according to claim 8, further comprising a communication

2 transceiver for communicating with a computing device.

19. A system for creating a consumption log for a subject comprising:
2 a portable device having a timer operable to output a time indicative signal
and a consumption notation control operable by the subject to indicate when the
4 subject consumes food, the portable device further having a processor in

communication with the consumption notation control and operable to receive the
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time indicative signal, the processor further operable to determine and store the times
when the consumption notation control is operated, the portable device further having
a communication transceiver for transferring data indicative of the times when the
consumption notation control was operated; and

a computing device having a display and a communication transceiver for
receiving data from the portable device, the computing device operable to receive the
data from the portable device and to display the times when the consumption notation

control was operated.

20.  The system according to claim 19, wherein the computing device is
further operable to display consumption choices for each time when the consumption

notation control was operated.

2]1.  The system according to claim 20, wherein the computing device is
further operable to create a consumption log and to determine caloric consumption for

the subject.

22.  The system according to claim 19, wherein the portable device further
comprises a body activity monitor operable to monitor the body activity of the subject
and to store data indicative of the body activity of the subject, the communication

transceiver further operable to transfer the data indicative of the body activity.
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23.  The system according to claim 22, wherein the computing device is
further operable to display information corresponding to the data indicative of the

body activity.

24.  The system according to claim 23, wherein the computing device is
further operable to create an activity log and to determine an activity level for the

subject.

25. A method of creating a consumption log for a subject comprising:

providing a portable device having a consumption notatic;n control operable by
the subject to record the times that the subject consumes food;

operating the consumption notation control each time the subject consumes
food to record the consumption time;

providing a computing device operable to receive the recorded times from the
portable device;

transferring the recorded times to the computing device;

displaying the recorded times to the subject; and

recording foods consumed for each of the recorded times.
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