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This thesis describes the design and development of  Abstract
the Marathon Man system. The system consists of a

personal "black box" recorder worn on a belt that logs

time, latitude, longitude, direction, speed, heart rate,

temperature and running pace of the wearer. In

addition to logging, the system can transmit this

nformation wirelessly to an Internet server. The

server stores the mformation and makes it avatlable to

arbitrary Internet applications, like Java applets, which

display it.

The goal of this project was to engineer such a system
and take 1t through a number of grueling tests 1n order
to llumnate the practical aspects of the design and its

performance 1n real field situation.

Marathon Man
Fitbit, Inc. v. Philips North America LLC Fitbit, Inc. Ex. 1029 Page 0007

IPR2020-00783



Fitbit, Inc. v. Philips North America LLC Fitbit, Inc. Ex. 1029 Page 0008
IPR2020-00783



1
Introduction

Fitbit, Inc. v. Philips North America LLC Fitbit, Inc. Ex. 1029 Page 0009
IPR2020-00783



The Story On a bright and sunny April morning in Hopkinton,
Massachusetts, three MIT scientists were sitting in the
grass, watching a large crowd gather along Main Street.
Just before 8 a.m. each took out a lumpy white pill and
swallowed it with a gulp of water. Standing up, they
wove their way through the crowd on to Mam Street,
and ran the Boston Marathon in the name of science.
The pills were radio thermometers. They transmitted
core body temperature to a tiny receiver each runner
carried in a belt pack. The belt pack was a “black box
for humans”, capable of logging footsteps, heart rate,
and GPS position, as well as body temperature. These
vital statistics were to be recorded n a small computer
ready to be relayed live to the Internet. The runners,
Brad Geilfuss, Craig Wisneski, and Professor Michael
Hawley, were the first runners to carry live health
monitors during a marathon!. Five hours later, all
three of them had crossed the finish line. However,

only Professor Hawley was still carrying his sensors;

the other two had left their recorders behind near mile
Hawley, Wisneski and Geilfuss take ~ 20. Much analysis would ensue aiming to understand
their pills before the marathon. what had worked, what had not, and what was to

follow this five-hour experiment.

Three months later on the morning of July 13%, the
weather in San Francisco was cold and ramy. Geilfuss
and Hawley were standing on the Golden Gate bridge
in a thick and gray mist, shivering. They were joned
by Anil Tiwari, a sertous amateur runner from Trimble,
Inc.. The sensors and recording system had been
redesigned and repackaged after Boston, and were
ready for yet another marathon. A film crew from
ABC World News Tonight began interviewing them.
At the same time, a lone MIT engineer, groggy from an
all-night computer hacking session, worked to set up a
temporary web site at “Mission Control” just south of
Market Street. A little after 7:30 a.m., as the runners
began making their way towards San Francisco, he

watched as bits from the runners’ sensors began to

' Apparently, Associates & Ferren attempted to transmit a live heart
rate from a runner in the New York Marathon to ABC television in
the 1980, using an infrared beacon and an observer in a
helicopter. Unfortunately when the runner discovered he was in
the lead, he jettisoned the equipment, and it was trampled by the
rest of the pack [2].
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blink on to the computer screen. Vital statistics were
not only being logged, but also broadcast live to the

Internet.

Kazuhiko Nishi of ASCIT Corporation suggested that ~ The Concept
it might be interesting to build "black box" flight
recorders for cars to capture data at the time of a
crash. Digital technology had evolved to the point
where a black box for cars 1s already underway. Every
Formula One car has a crash recorder that all
information relevant to the car. Pushing Nisht’s 1dea
in a different direction, we decided a challenging
application would be a personal black box that could
relay its information live. Marathon Man began in
January of 1997 as a device that would gather data
about the location and health of its wearer just as its
airborne counterpart records data about a plane’s flight
plan and status. We proposed to build it and test its

capabilities in the Boston Marathon.

This system looked at the heart rate, temperature,
cadence and location of three athletes as they ran a
marathon. We wanted to record these statistics and
relay them live to the Internet. Our goal was to gain
an understanding of the engineering necessary to create
a personal device capable of large-scale and real-time
sensory collection for extended periods of time and
under varied conditions. The previous scenarios were
the culmination of months of engmeering and the first

two large-scale tests of the Marathon Man system.

The larger goal of the Black Box Project 1s to

understand the requirements and nuances of complete

systems that bring real-time information from the
physical world to a virtual realm where it can be TV cameras film the team preparing
collected and used 1n different applications. Marathon the runners for the marathon.

Man gathered vital statstics from three runners while

they ran a marathon and relayed the information back

to be displayed on the web. Kevin Kelley, of Wired

Magazine, points out that although there are currently

500 mullion processors n PC's around the world, most

people are unaware of the over 6 billion somewhat

more modest computer chips in objects like cars,

appliances, and toys. Furthermore, the computational

Marathon Man
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power in such "things" is increasing at a rate vastly
greater than that of conventional computers[1]. The
power of everyday objects to perform complex
computational tasks 1s generating a whole new category
of "intelligent objects." As these objects attempt to
behave in an intelligent manner they will need more
and more mformation about their surrounding. This
raises innumerable questtons about how to get this
mnformation, how to store it, how to manage 1t, how to
share 1t and how to understand it. Black Box’s first
project exploring these questions was Marathon Man -

- a "personal black box".

This thesis describes the work done on the Marathon
Man system from conception to execution in both the
Boston and the San Francisco marathons. Chapter 2
describes work done by others relating to the
Marathon Man system. Chapter 3 gives an overview of
the vision and requirements of the system. Chapter 4
explains the technical specifications of the systems
built for the Boston and San Francisco marathons and
the reasoning behind the architecture. Chapter 5
discusses the engineering observations made during
both marathons. Finally, Chapter 6 provides a wrap
up discussion of what was learned, where this research

1s heading, and future projects based on this system.
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It need not take much technology to run a marathon.
In fact, running shoes are perhaps the most advanced
piece of engineering on a runner, and Abebe Bikila
won the 1960 Rome Olympic Marathon without them.
This thests documents the first time anyone has run a
marathon with substantial live computer monitoring.
It 1s similar to other efforts of scientific
instrumentation in that we want to measure certain
body signals, but it differs in that we have a more
demanding set of capture and transmission

requirements.

As we began to design the Marathon Man system for
the runners, we discovered a number of components
and similar efforts that were relevant to our project.
We collaborated with several of these groups. They
provided us with technical expertise, advice, and
grounding for our work. The following sections

discuss each of them.

Wearable Computing A human being is a particularly intriguing thing to wire
with sensors. The notion of cybernetic clothing brings
a whole new meaning to the term personal computing,
Wearable technology seems to be gaining momentum
as an important new field of interest. As evidence of
this, cellular phones, pagers and small personal digital
assistants  have had enormous success in the
marketplace. This suggests that computing power and
communication devices that accompany us through
out the day are reaching a high level of acceptance.
Currently there 1s a2 burgeoning volume of research on
wearable systems. For example, Steve Mann has
investigated the benefits of carrying a computer with

him at all tmes and applying its ubiquitous availablity

for non-traditional tasks [3]. In addition, in the fall of

1997, MIT hosted the first scientific conference on
Wearables’ research group at the  wearable systems and large-scale public symposium to
MIT Media Lab. © S. Ogden discuss the diffusion of technology into clothing and

personal articles [4].

BodyNet and PAN  When one begins to look at the mechanics of at
computing on and around the body, the problem of

14
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internetworking emerges. How might you send the
information from your smart shoes to your watch or to
your doctor? Olin Shivers at the MIT Laboratory for
Computer Science proposed the notion of a BodyNet.
A BodyNet 1s a communications medium that utilizes
the electromagnetic properties of the human body to
communicate mnformation between peripheral devices.
Each of the devices shares the medium, much the same
way that the different devices in a computer share its
data bus [5]. Neil Gershenfeld and his team at the
Media Lab have created eatly forms of this medium,
which they describe as "Personal Area Networking"
[6]. His team 1s continuing to explore the speed and
bandwidth 1ssues involved mn utilizing this medum for

personal computer devices. Simularly, Phil Carvey of

BBN has been working on an implementation of a ,
radio system that requires two microjoules per  PAN transmutter and PAN III
transmutted bit and four microjoules per recetved bit  RS232-to-body modem.

for a network on the body [7].

Networking in, on, and around a body 1s a nascent  Affective Computing
area, which has been driven into existence by the force
of many practical needs. As sensors and personal
networks mature, 1t will become possible to measure
more imnteresting nuances in the signals generated by
the body. Is the person happy, or sad, or perhaps
angry? These questions fall nto what Rosalind Picard
has termed Affective Computing, a study of the
different aspects of the relationships between human
emotional states and computing [8]. If the tools we
use everyday can sense human emotions, then they can
adjust accordingly and thus benefit from the
mformation. The system worn by our marathon

runners clearly ponts in this direction.

In trying to improve the working and living conditions Soldier Monitoring
of its soldiers, the U.S. Army has been researching
technology to monitor their soldiers under real
conditions. At the moment, soldiers are assessed for
fatigue by visual determination of the commanding
officers. Unfortunately, commanding officers rarely

have sufficient information about the actual state of

Marathon Man
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accurately. To help alleviate this, the Army has
developed systems similar to Marathon Man for
monitoring soldiers during the coutse of their training.

An example of this is the Body Core Temperature
Monitor (BCTM) developed by BBN for the Defense
Advance Research Project Agency (DARPA). It
consists of a receiver and a pill developed by the Johns
Hopkins University Applied Physics Laboratoty in
collaboration with NASA's Goddard Space Flight
Center. Once the pill is ingested by the subject, it
transmits a low-intensity radio-signal to a radio-
receiving device that accumulates body temperature

statistics.

Muscles and Lost Patients Medical science literature is filled with experiments
measuring the many different parameters and signals of
the human body. As we geared up for the marathon,
we met the design team at the Boston University
Neuromuscular Research Center led by Don Gilmore.
They were working on measuring muscle fatigue
through electromyographic measutements.  They
looked at the electric signals from the muscles across
time and determined when the muscle was fatigued
based on the variance in electromagnetic signals [9]. In
time it would be very intetesting to test these sensors in

the real world.

At Draper Laboratories not far from the Media Lab,
work was done to combine paging technology with a
Global Positioning System receiver. The aim was to
track Alzheimer's patients as they moved around in
their daily schedules. Such tracking allowed the
patients greater freedom in their lives without
sacrificing the security of around the clock monitoring.
Draper created a simple device that captured GPS
coordinates. The device then sent this data through a
two-way pager to a medical tracking service [10].
Unfortunately, the research was discontinued because
of the high cost of paging and fact that GPS does not

work indoors.
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Ever since the discovery of measuring tape and  Sports Instrumentation
stopwatches people have felt much more in touch with
the quantitative aspects of training and competition.
Quokka, a San Francisco-based technology company,
demonstrates a more ambitious example of sports
instrumentation. They seek to link live sensors to
athletes and equipment, and make the data from these
sensors available through the Internet. Their goal 1s to
bring the analyzed data to the home viewer as a new
dimension to already existing sports events. This type
of monitoring is similar to, though not quite as public
as other efforts such as "helmet cameras" used on
quarterbacks and skydivers or the real-time digitally
traced hockey puck developed by FOX television [11].

Currently, Quokka is monitoring the Whitbread yacht

c

sport avoids many of the more extreme problems u In the Wake of

race by transmitting positional information and other

details to their web site2. However, yacht racing as a

inherent in more physical activities like marathon ourceen) ad
What's

running. It will be interesting to see how their projects Next?

develop in comparison to the Marathon Man Project.

Along the same lines, the BBN team pursuing the
temperature monitor work spun off a startup company
called Personal Electronic Devices (PED), Inc. PED
Inc. is engaged in designing specialized health- Screen shot of the Whitbread home

monitoring systems for the consumer market place, page.
and is currently working on a select few sensors and
actuators which will enable users to monitor vital signs
while participating in fitness activities. Their goal 1s to
have devices that are stylish or inconspicuous, wireless
and could be worn as apparel, jewelry, and fashion
accessories. We worked directly with PED to modify a
version of the pill-temperature sensor, and provided
the opportunity for PED to test its sensors in-place in

a complex recording system.

2 http://www.whitbread.org/main.html

Marathon Man
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Imagine the following 20 minutes into the future:

Maria is lying down on her couch after her daily run. A
bit of analysis is being petformed on the data she
transmitted while she was running. As she walks over
to the refrigerator for a drink, a projection is cast on
the door. Position, heart rate, blood pressure, oxygen
and sugar level graphs appear as she pours a glass of
water. Her heart rate seems not to quite have calmed
down from that last minute sprint. The map of her run
plainly shows that today she took a little shortcut; she
double-backed a little sooner than she should have.
The data 1s cleatly projected in front of her, and soon
enough, it will be in front of her personal trainer as
well, who will not like what he sees. Usually he
monitors Maria from the gym while she is running,
giving her feedback and motivation, shouting while she
climbs the hills. She decides to console herself by
looking at her best friend's data. Geeta was always the
slacker anyway. She pulls up the data graphs for Geeta,
and discovers she is running at the moment. In fact,
she 1s at the very hill Maria decided to skip. A graph
appears. It compares both heart rates versus altitude.
It does not look good. Geeta has been training for only
two weeks and her heart rate is already lower that
Maria’s. Matia decides that it is time to step up the

training,

The description in the paragraph above is one scenatio
of what a system like Marathon Man could do. The
requirements for such physical system include minimal
weight and size, ruggedness, self-encapsulation and

extensibility. Let us examine each requirement.

Requirements Minimal Weight and Size. Because running a marathon is
a physically exhausting endeavor, the system must be as
small and light as possible. Ideally, the system should
be invisible to the runner. Worn on a belt or a vest, it
should automatically start logging vital statistics once

the runner puts it on.

Ruggedness. A marathon is hard on the body and
anything that goes with it. The system needs to be able
to withstand the shock of long distance running.

20
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Self-contained. We want to monitor the running without
disrupting it. The runner should not have to interact
with the system once it is working. This means that the
runner should be able to turn on the system, put it on
and complete a marathon without any other input to it.
It should be as simple as putting on your shoes, if they
are not already included in them.

Extensibility. 'The Marathon Man system is only an
instance of a typical Black Box project, so the base
architecture needs to be modular. We want to facilitate
the process of adding different sensors, updating or
changing the data collection methods, trying different

ways of data storage, etc.

Marathon Man -
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The system described in the vision above lends itself to

be divided into five major components:
/rﬁ\/ *  Data Acquisition
- *  Local Logging
data display . .
wireless * Witeless Transmission
fecetver *  Remote Logging
—o- @ *  Data Display
L remote The measurement of data is done by the data
T logging acquisition hardware, which consists of an array of four
A sensofs. One sensor measutes GPS satellite
H information for time, position, speed and direction.
wireless @ The other sensors measure heart rate, temperature and
transmitter X
- cadence respectively. The data collected by the sensors
logging is stoted immediately by the local logging sub-system.
E } .S Once secured, the transmission module sends the same
S:r‘;:‘)’f data to the remote logging server, which takes the
incoming data, stores it and indexes it for anyone who

Data flow through the major needsit. The data display applets take the information

components of the system. from the server and plot the data for visual analysis.

Data Acquisition The data acquisiion hardware is made up of four
sensors: 2 GPS unit, a heart rate monitor, a temperature
sensor and a cadence measurement device. The four
sensors have four wires: power, ground, ping and data,
which are connected to the power and input pins of an
IRX board [12]. The IRX continuously listens to the
GPS data line for an output sentence. Once it hears
the sentence from the receivet, it places the data on the
serial line. The IRX then proceeds to query each of the
remaining sensors, one at a time, for their current state.
Raising the voltage on the ping line starts the querying
for the particular sensor. Once the sensor detects the
level change, it returns it state data. Each of the
sensors’ responses are tagged with the respective ID
and sent through the seral line following the GPS
sentence. Once all the sensors have been queried, the
IRX retutns to listening for the next GPS sentence.

This architecture effectively emulates a master-slave
arrangement with the IRX as the bus master and the
GPS as the clock. The GPS recetver acts as the trigger
for the querying cycle because we use the clock from
the GPS as the time stamp for all the data. This cycle-
based querying mode architecture can easily be

24
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modified to accommodate additional sensots by simply
inserting them in the querying cycle. The following is a

more detailed description of each of the components.

Global Positioning System Receiver

The Global Positioning System (GPS) is a collection of
satellites owned by the U.S. Government. These geo-
synchronous satellites provide worldwide positioning
and navigation information by broadcasting their
position at all times. GPS receivers listen for these
satellites and use their beacon transmission as a
reference point to determine precise location, direction

and speed.

For both marathons we used the Trimble Lassen SK-8
OEM kits. They were the smallest GPS receivers
available in the market. The kit consisted of a receiver Trimble Lassen SK-8 GPS receiver.

board and an antenna. The power requirement was
200mA at 5V. The frequency as well as the type of
output was configurable. We chose ASCII NMEA
$GPGGA and the $GPVTG? sentences once every
second. The output was sent serally at TTL levels
through one of the pins on the board at 4800 baud.
This made it simple to connect to one of the pins of the
IRX boatd for reception.

Heart Rate Monitor

To track heart rate data, the Marathon Man system uses
Polar’s monitoting equipment, which consists of a chest
strap and an OEM receiver board. Each heartbeat is an
electrical signal sent by the sinoatrial node to the heart
muscles. This electrical impulse can be detected on the

skin. The Polar chest strap detects the voltage

differential generated by this signal and sends a wireless

notification to the receiver. The receiver board Polar Heart Rate receiver board.

3 The $GPGGA sentence contains UTC of position, latitude,
longitude, GPS quality indicator, number of satellites in use,
horizontal dilution of precision, antenna altitude, geodial
separation in meters, age of differential GPS data and
differential reference station. The $GPVTG sentence
includes track made good in degrees true, track made good
in degrees magnetic, speed over ground in knots and speed
over ground in km per hour. Out of these we only use time,
position, true direction, and speed in km per hour.

Marathon Man
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calculates the rate and stores the data until it is polled
by the IRX board.

For both marathons we used this chest strap/receiver
configuration. The receiver board utilized very little
power. The output of the board was configured such
that it would return 2 hexadecimal characters for heart
rate each time one of the pins on the board was set to
high. They were also transmitted at 4800 baud.

Temperature

As described in the Background chapter, BBN designed
the BCTM unit for DARPA. The BCTM consists of
two components: a pill transmitter and a receiver unit.
The pill is a small non-toxic radio transmitter that
generates a continuous radio signal, whose frequency
changes in proportion to the temperature. When the
pill is swallowed, these changes in frequency correlate
with fluctuations in the core body temperature of its
carrier. The receiver sits outside the body, typically on
a belt pack and captures the signal. Although the data
that comes back from the BCTM 1is directly
Body Core Temperature Monitor  proportional to the temperatute, it still depends on a

receiver board. calibration number for the pill as well as a calibration

number for the receiver.

The BCTM was used for both marathons. The system
had to be retrofitted to match our system because the
original design stored the data in the receiver, and we
wanted to have the information when requested. PED
Inc. modified the system such that holding one of the
pins high returned the state data. A set of frequency
metrics was later used to decode the data and

determine actual body temperature.

Cadence

PED Inc. designed the cadence sensor for the system.
The cadence sensor is basically an accelerometer worn
on the hip. The downward force of each footstep
causes a spike on the accelerometer. Counting the

number of spikes that are sufficiently large results in

the number of steps. Both marathon systems used the
Cadence monitor board. cadence sensor. It is extremely lightweight and uses

very little power because of its simple mechanism.

26
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Following our original architecture, the sensor returns
the number of steps taken when one of the pins is held

high.

IRX

The IRX board, designed by Rob Poor at the Media
Lab, is a multi-purpose housing for a2 PIC 16C84 micro
controller. It powers the chip, synchronizes its
operations with a time ctystal, and exposes the chips
I/O pins for easier incorporation into larger devices.
In addition, the IRX has logic for performing serial
I/O operations. The PIC 16C84 is an EEPROM
micro-controller with 14K of ROM and 36 bytes of
data storage memory. It has 13 I/O pins, which take in
TTL level logic.

The IRX board was used as an arbitrator to collect the IRX board
data of all of the sensors and serialize it for logging and
transmission. The PIC 16C84 was adequate for this
task; it had enough processing power to perform the
synchronization and encoding operations and its light
weight did not encumber the rest of the system. The
program written for this task loops continually while
listening on the pin assigned to the GPS. The ASCII
sentence from the GPS consists of about 80 characters
when all information is present. When the IRX hears
this sentence, it statts to pass the characters to the serial
output. This is necessaty because the PIC does not
have enough memory to store the whole sentence.
Once the sentence has been fully transmitted, the
querying cycle starts for the rest of the sensors. For
each sensor, the IRX holds the ping pin high for a short
amount of time. Then it listens on the return pin of the
current sensor for the answer. The IRX takes the
return data and concatenates it with the sensor’s tag.
The tags are “PR” for the heart rate, “CA” for cadence
and “BT” for the temperature. The new tagged data
item is then sent through the serial line to the logger.

Logging and transmission of the collected data required Local Logging and Transmission
more sophisticated hardware and software than could
be provided by the IRX board and its PIC

microprocessot. The local logging sub-system

Marathon Man
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required about 2Mb of storage space for the data*. The
transmission system required that the data be sent over
a wireless communications netwotrk. These functions
were combined and handled by a general purpose CPU

running on a palmtop computer.

The IRX board output is fed to the palmtop wvia its
serial communications pott. A custom written software
sub-system interprets and stores the output. The sub-
system takes the encoded data from the seral line and
parses it, discarding the ID tags and compressing the
remaining data. The compressed data is then saved to a
file. Once the data is secuted locally, a copy of it is
transmitted through the wireless network link to the
main server. This module is designed to do as little
conversion as possible. It simply serves as a pipe

between the sensors and the setver.

Although the palmtop is a complete CPU, the
functionality we used was minimal and could have been
built into a micro-controller more powerful than the
16C84. However, utilizing the palmtops at this stage
allowed us to assemble the system faster and use more
conventional market driven products for the wireless
network link for modularity. The palmtop computers
running a conventional operating system permitted a
number of different wireless network and software
configurations; this allowed us to determine which
architectures worked best without having to reconstruct
the entire system each time. On the other hand, we
could not use the palmtop to replace the IRX and act
as a bus controller because it only had one seral port.
It needed a “data funnel,” namely the IRX board to
serialize the sensor data.

Local Logger

The data logger for the Boston Marathon was a HP
200LX palmtop computer running the DOS operating
system. For the San Francisco Marathon, we updated
our platform to a Compaq 120 palmtop computer
running the Windows CE operating system. Both

* We estimated our runners would at most take 6 hours to finish
the marathon. The system sent out state data each second. The
data sentence consisted at most of 100 characters. Thus
6*60*60*100 = 2MB.
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machines had a serial port, a PCMCIA slot and enough

memoty for all the data.

The software was the same for both marathons. First
written for the HP in C, it was ported to the CE
machine for the San Francisco marathon. Essentially, it
read the serial port for data. The program took the
incoming GPS sentence for the time of day, the
latitude, the longitude, the ditrection and the speed and
put each item in a buffer. It then waited for the data
from the rest of the sensors. As each tagged item came
in, the program placed the new data in the buffer.
When the next GPS sentence came in, the buffer was
turned mto an ASCII string containing the newly
acquired information. To create the string each buffer
If they

were the same, no value was written, otherwise the new

was compared to the previous buffer value.

value was added to the string. This comparison was
done as a rudimentary form of compression. Once the

string was finished, it was written to a file.

Wireless Transmission Link

For the Boston Marathon, we planned for the HP
palmtops to connect to the main server through a
Motorola Montana cellular modem utilizing Motorola
StarTac cellular phones as a communication medium.
For the San Francisco marathon, we switched to
Motorola CDPD modems.

The
marathon basically opened the modem port and dialed
to the Media Lab server. It then attempted to log in
and open a socket connection with the remote logging

communications program for the Boston

server. For the San Francisco marathon the
communication system was further simplified. It had
only to open a socket to the server. Because they were
designed for data transmission, turning on the CDPD
modem connection gave us mstant access to full
TCP/IP services. The softwate system became more
robust using the CDPD modem because it was easier
to detect a dropped socket or dead connection, and
because the Windows CE operating system had

commercially available drivers for them.

Marathon Man
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Remote Logging and Data Display The server 1s mainly a database for data received from
the runners via the wireless link. Tt indexes and
archives what it receives. In addition, the server
provides a display client interface to allow the display
applets to retrieve the latest data for delivery to the
user. The client side consists of an applet, which
recetves the user’s query preferences and relays that
mnformation to the server. The server then correlates
the appropriate values and the current time and returns

the relevant information to the applet.

The goal of this aspect of the project was to make it
possible to see, hear, and generally know about our
runners in real time on the Internet. To this end,
applets were created, which took data from the server
and allowed users to select visualization of the
following: GPS coordinates, temperature, heart rate,
number of steps, directton or speed. The applets
updated the data points at intervals of 5 minutes.

Server Software

Our approach to server design varied greatly between
the Boston and San Francisco marathons.  The
differences were a function of how much of the data
formatting was done on the server side, and how much
was done on the client side. For Boston, the server
recetved the data, averaged it in five-minute intervals,
and wrote these cumulative samples to a file. The
Sues applet then read and graphed the data. However, for
- San Francisco we moved the responsibility for
formatting the graphical data to the server side.
Instead of providing a graphing applet, the server
recetved the data, saved 1t to a master log file and
created graphs at 5-minute intervals. These graphs
were provided because we learned in Boston that
having each applet request data 1s too server and applet

intenstve.

Display Applets

Graph of steps vs. time for the three ~ As described above, the applets for the Boston
runners in San Francisco. marathon recetved the values for every variable every

five minutes from the start of the race until the race’s
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marathon had simpler applets that merely displayed the
appropriate pre-drawn graphs.

For the San Francisco marathon, two new applets were
added. The first one, a messaging applet allowed
anyone logged into the site to send messages to each
runner. The messages are also routed to a file for
annotation purposes. All messages were time stamped
before being stored. The second set of applets was a
new applet/servlet combination. It allowed users to
listen in to voice snippets made from the runners'
phones during the race. We wanted to add comments

from the public as well as sound bites from the runners.

Connections Other Project Elements

For the Boston marathon the connections between the
IRX board and all the components consisted of 4 wires
with 4-pin plastic headers on each end. They were
soldered onto the IRX board. FEach sensor had a
matching header, and four wires (power, ground, ping,
and data). This setup allowed us to switch the
components if they needed to be replaced. Having
learned from the Boston marathon that wites are easily
disconnected, for the San Francisco marathon all the
wires were soldered directly from the IRX to the
component completely forgoing the headers.

Batteries

The power requirements for the system in both
marathons were about 300 mA at 9 volts for the data
acquisiion hardware. We used three 3V Panasonic
Lithium A batterdes in series. The batteries had a
specification of 1800 mAh, which meant our system
could run for 6 hours. The batteries for the palmtop
machines were standard NiCd batteties, which did not
need changing duting the marathons. The CDPD
modem for the San Francisco marathon also used three
3V Panasonic Lithium A batteties. The batteries had to
be specially designed for the modem because the
original batteries would only last for 30 minutes.

Marathon Man
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Packaging

For packaging in the Boston marathon, we used hip
pouches for the equipment. All the components were
placed in one pouch and padded with bubble wrap so
as to soften the impact on the circuit boards. In the
San Francisco race, we wotked with the U.S. Army
Reseatch Institute of Environmental Medicine
(USARIEM). They graciously offered to construct a
belt made out of neoprene. The belt had custom
designed compartments for each component
distributed evenly around the waist. The palmtop sat in
the small of the runner’s back while the recetvers sat in

the front, away from each other.

Cellular Phone Link

For both marathons, all runners were equipped with
eatpieces and microphones connected to cellular
phones. They were able to receive calls from relatives,
friends, the support crew, and interviewers. One of the
runners, Craig, noted that this was the best feature of

them all. It made running far less lonely.

Support Team

The support team for both marathons consisted of a
Mission Control room and a pit stop crew. Mission
Control was the room with the server and a person to
staff it at all times in case of emergencies. The Media
Lab was host to Mission Control for the Boston
Marathon, and Construct, 2 web design firm, was the
host for the San Francisco marathon. In addition,
during the actual races, we had a 4-person pit-stop crew
assembled. The crew was divided into two pairs, which
manned two stops each spaced evenly across the route.
For both marathons, the systems were self-sufficient.
The stops were mainly for checks on the state of the

hardware and the runnets.

Other Alternatives

Other alternatives for the implementation of Marathon
Man were explored at the beginning of the project. We
looked at VIA computers, which are portable
computers that handle a full-scale operating system.
We discarded this possibility because of their very high
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price tag. We wanted to be able to produce many of
these systems in the future for different kinds of places
and different kinds of situations.

For the Boston Marathon, we implemented a second
alternative. We created two belts as described above
and a third more experimental, system. One of the
runners carried a PC104 computer instead of the
palmtop computer. Unlike the HP palmtops, it used a
Sietta CDPD modem, ran the Linux OS, and had a
700MB hard dnve. Its hardware apparently worked
fine, however, due to a mistake in the setup the
morning of the race, it was unable to log any data. In
addition, it gave the runner who carred it a painful
bruise. The PC104 computer was not significantly
heavier, but it took up more space than the palmtops.
It had sharper edges, which were difficult to pad.
Although we speculate that the system would have
worked, the PC104 system was dropped from the San
Francisco race because we had the same functionality
with the smaller palmtop machines.

Marathon Man L.
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Observations
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This section describes a sertes of observations from the
experiences of the two races. These observations from
the Boston Marathon led to many of the redesigns and
improvements that ultimately led to the success of the

San Francisco race.

Boston Marathon  Looking at the sensors’ state and data from Boston
taught us a lot of things about soldering, wiring, crazy
glue and electromagnetic waves. The GPS data from
Boston marked the route as expected. We anticipated
a little more deviation since we did not use differential
GPS. Nonetheless, it followed the course with great
accuracy. The cadence sensors told us we had taken
around 70,000 steps for each runner. However,
neither the heart rate sensors nor the temperature
sensors returned anything useful. Analyzing the state
of the systems when they returned from the marathon,
we found that the most common problem was flaky or
dead connections between the sensors and the IRX
board. The mntense shaking of the equipment during
the marathon jarred the plastic header connections. We
had tried to anticipate this during the construction
phase. To ensure that the connections would not
come loose we used Crazy Glue to hold the headers to
the boards. However, we found that when the metal
pins are covered with Crazy Glue, they were not
reliably conductive anymore, effectively defeating our
attempts to avoid disconnection. Some of the heart

rate and temperature sensors were well connected but

failed to gather data. Because they depended on radio
Hawley double-checks the software transmission, we speculate that the electromagnetic
in the palmtops before Boston. radiation given off by the HP palmtops interfered with
their reception. We only speculate because none of
these symptoms surfaced during component testing or

in our later efforts to identify the cause of failure.

Wireless transmission did not function properly during
the marathon due to two main problems. The first
mvolved an unanticipated incompatibility with
different versions of the palmtop hardware. During
development of the project the software for managing
the wireless connection had been written and tested on
the HP Palmtop Model 100. However, the Marathon
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Man system ended up using the newer HP Model 200
because its increased memory was needed for data
logging during the race. We did not test the HP 200’s
because we did not receive them in time. HP
guaranteed the two machines' architectures to be
identical, but this information was erroneous. The
wireless connection software failed to function properly
on the newer model machines despite our best efforts
to understand the difference. The second problem
involved an unusual conflict between the cellular
modem and their companion cellular phones. The
modem had a sudden draw of power immediately
before it was about to dial. However, this increased
powet demand reduced the power being delivered to
the phone. This caused the cellular phone to turn itself
off. To continue the dialing process one would have to
manually turn the phone on again: an impossible

requirement for the runners.

Due to the loss of the wireless network, we were unable
to test the server in real time duting the Boston
marathon. This failure created many complaints from
people at home whose browsers stalled when
attempting to access the server software. Nevertheless,
after the marathon had completed, the data was taken
home for analysis. The log files wete spooled to
simulate the running of the marathon. The data stream
illustrated that the client interface was unbalanced
toward the server side. Because the client applets
attempted to perform their own data calculations and
graphs it was necessary for the server to deliver the
relevant data to all registered applets. As the number
of clients increased, the server became ovetburdened
trying to update all the applets with the new values.
This led to t