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Abstract
Dr. Bryan Heiderscheit is a physical therapist séhogoal is to identify

characteristics of running that lead to stresstir@s. The purpose of this project is to
create a portable system that records tibial acted data to measure the impacts of
running. This device will include a lightweightcaterometer which will record data to a
data logger. The acceleration data will be usedagsess and treat running-related
concerns. Three designs alternatives have beesidened: a wired system, a wireless
system, and a microcomputer. These designs wealkiatgd using a design matrix,
which compared certain design criteria set forthhmy client. The best design, the wired
system, has been selected and a prototype of ésigrdwill be pursued. Future work
entails purchasing a data logger and acceleromedestructing the device, and testing

the device to assure accurate data collection.

Problem Statement

The purpose of this project is to design a portaidérument that records tibial
acceleration data to measure the impacts of runiiihg device should use a lightweight
accelerometer, which will record data to an incoaped data logger. The device must be
easily worn by the user and should not affect tleefopmance of the runner. This

instrument will be used to diagnose stress frastarel other injuries related to running.



Client Motivation

Our client, Dr. Heiderscheits a physical therapist who operates the UW Health
Runners’ Clinic. One of the goals of his clinicte identify characteristics of running
that lead to stress fractures. By adjusting haphtients run, Dr. Heiderscheit is able to
prevent tibial stress fractures and other runneigted injuries. Using acceleration data,

he can analyze a patient’s running habits to assebssreat running-related concerns.

Background Information
Stress fractures are one of the most common runnjages, accounting for 50

percent of all injuries in runners and military mats (Milner 323). Between 33 and 55
percent of all stress fractures occur in the t{bner 323). Tibial stress fractures may
be caused by strong, repetitive stress on the bhorke insertion point of the muscles
(Derrick 998). The bone absorbs the force of thpact instead of the muscles, and
bending stresses in the tibia become too greatt ftr tolerate. In adults, tibial stress
fractures usually occur in the anterior junctiortlog lower third of the bone, as shown in

Figure 1.
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Figure 1: Anatomy of a typical stress fracture (@i



Correlations may exist between greater amountsoafef on the tibia and the risk of
obtaining a stress fracture. When the foot costdélcé ground, the angle of the knee
could have an effect on the severity of the img@etrrick 836). Tibial stress fractures
can be very painful, and can lead to three to €rks of no activity and up to six to nine
months of inability to compete. Therefore, it Bry important to study the cause and
prevention of tibial stress fractures.

Currently, Dr. Heiderscheit studies tibial stresacfures by analyzing tibial
acceleration data. In the lab, patients run oreadmill while wearing an accelerometer.
The accelerometer is placed on the anterior oftithe, a few inches above the ankle.
This accelerometer is directly connected to a cdemtinat records and analyzes the data.
Dr. Heiderscheit studies the peak accelerationthandata in order to assess the greatest
impact forces and relates these forces to runmafagad injuries.

Unfortunately, this current set-up is not optimAl. lack of space in the lab
prevents runners from running on force plates. Alsecause of the extensive wiring
required to connect the current system, runner mustin the lab, and cannot run in a

‘natural’ environment. Because of these flaws, lter@ate setup is desired.

Design Requirements

The most important element of our design is that new system needs to be
portable while still being capable of recording adaeliably. It must incorporate a
lightweight, uniaxial accelerometer, which has #iglity to measure up to 40G peak
acceleration. The accelerometer will be used muwwtion with a data logger to record

measurements. The data logger must sample 1,000-Zz from multiple analog



inputs. This design should not alter the runnges, performance, or speed in any way,
and should be comfortable for the runner’s use.nallyi the prototype should be
completed for use in studies to be performed thimmser. Refer to Appendix 1 for

complete outline of design specification.

Preliminary Design Ideas
Design 1 — Wired system

The first design is a wired system that consistamfaccelerometer and a data
logger, both worn by the user. The data loggerlevba worn on a belt around the waist
while the accelerometer would be attached to thebjean adhesive. A wire running up
the leg would connect the two components. The woald also be attached to the leg to
prevent it from being accidentally disconnected. béttery in the data logger would
power both itself and the accelerometer, and tggdo would have a memory card input
allowing for data to be easily transferred betwdenlogger and a PC. See Figure 2 for

proposed design idea.

DATA LOGGER

Figure 2: Data logger (MIE Medical Research Ltdjtf] wired to accelerometer (PCB PiezotronicgH().



This proposed design has some obvious advanta§exe a wire connects the
data logger and accelerometer, data can be reliednhgferred between components in
the system. Also, as noted earlier, the data loggeuld supply power to the
accelerometer, so the accelerometer will not nesedwn battery. This greatly reduces
the overall size and weight of the accelerometerraakes it less likely to affect the gait
of the subject. A third advantage to this desigtiam is the fact that this system would
provide a good opportunity to evaluate the featsibif a portable data logging system.
Once this system has been tested and used forcal pdrtime, it will be much easier to
confirm that a portable system of this nature dee@d practical and accurate.

There are also some disadvantages to this systame. of the main problems is a
potential to have wires accidentally disconnectedsimagged, which may damage an
input on the logger. To prevent these accidemsfoccurring, a leg sleeve could be
developed to protect the wiring on the leg and endbat the accelerometer is worn
properly. A second disadvantage to this systetiasthe data logger must be worn on a
belt around the waist, which may be bulky and urfootable. While it is doubtful that
this belt would alter a runner's performance in avgy, it may still cause some
discomfort. Unfortunately, this is the best pldoewear the data logger, so there is no

better approach to fix this issue.

Design 2 — Wireless system
The second design is a wireless device consisfiigg@ main components: a data
logger worn on the waist and an accelerometer lagthto the leg. See Figure 3 for the

wireless accelerometer. The main difference batwbis system and the previous one is



that the two components would communicate with anether wirelessly via Bluetooth
technology. Each component would have its ownebgatsupply. If a data logger with
Bluetooth inputs cannot be found, an RS-232 corvexould be needed to enable the
logger’s digital inputs to receive Bluetooth signan example of this converter is
shown in Figure 3. The accelerometer would colkdal accelerations and submit

voltage data through a wireless radio channel tm@ut on the data logger.
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Figure 3: Bluetooth accelerometer at left (Sparik Electronics). RS-232 converter at right (TelaGe

The advantages of this design include increasedard for the patient. No wires
would be needed to connect the accelerometer taldhe logger, and this will prevent
snagging by the patient’'s arm or any other exteoiatacles while running. The
development of this wireless device could also lead more compact system consisting
of a PDA or watch device and a wireless acceleremetThese future developments
would bypass the need to wear a data logger omw#is, increasing the comfort of the
patient and creating a potential for a marketalbelpct.

A disadvantage of this design is the potential toreliability in the signal
between the accelerometer and data logger. Thenpatill be running in a variety of

environments surrounded with other signals that megrfere with the device, and this



interference could result in incomplete or inacteirdata. In addition, the weight of the
accelerometer would be increased relative to tleeipus design, due to the addition of
its own battery supply. This could potentiallyealthe gait of the runner and contribute
to inaccuracies of recorded data. The increasaeghtvef the accelerometer may also
cause it to detach from the tibia, which would fesuinaccurate data. Additionally, this
design requires more hardware and knowledge ohtdabical interfacing of electronic
devices, making it more difficult to manufactur&@he data logger needs to be properly
equipped with a Bluetooth input converter and gured to recognize the specific
Bluetooth signal from the accelerometer. It ialsicertain whether or not all of the
components would be compatible in this system.allyinas with the previous design, the

data logger might be cumbersome on the waist ackdse the comfort of the patient.

Design 3 — Microcomputer design

The third proposed design involves the use of aco@mputer to record data.
This device would differ from the previously propdsdesigns because both the logger
and accelerometer would be worn on the leg. Tystesn would require the integration
of all components on a circuit board, including aotelerometer, amplifier, analog-to-
digital converter, and microcomputer. A diagrantted design is shown in Figure 4. The
entire system would be powered by a single powerceo The data measured by the
accelerometer would be sent through the ampliieart analog-to-digital converter. The
data would then be stored in either the onboard engrar an external memory chip.
Following a run, the microcomputer could be dingcibnnected to a personal computer

to analyze the data.
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Figure 4: Schematic of the microcomputer circuit.

An advantage to this device is that all componemés contained on one circuit
board, making it very compact. A very reliablensijis ensured because all of the
components are directly connected. Also, sinceethee no wires running along the leg,
there is no potential for snagging. Finally, t&vice would be more comfortable for a
user because no data logger would be worn on tist.wa

The main disadvantage of using a microcomputénasrelative complexity of the
design. Assembling the microcomputer would reqaideanced knowledge of circuits
and because the device would have so many commriemtould also take a long time
to develop. Given the time constraints, the mioroputer design is not feasible for our
project this semester. Also, it is unknown if thisvice would alter the runner’s gait
because the weight and measurements of the demidd only be determined when the
microcomputer is assembled.

If the device is @rgd or too heavy, it might not stay

secured to the tibia and could potentially alterederation data.

Design Matrix

Wired Wireless Microcomputer
Signal Reliability (40) 10 7 10
Feasibility (30) 10 6 3
Lightweight on leg (20) 9 7 6
Comfort (10) 6 7 8
Total (100) 94 61 69

Figure 5: Design Matrix.
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We picked the best design based on a weighted rdesagrix using four main
criteria (Figure 5). The most important (and tifere highest weighted) criterion is
signal reliability, since the device is uselesst ifcannot receive the signal from the
accelerometer. A hardwire connection would provlue most reliable signal. The wired
design received a ten in this category becausee tagr wires directly connecting the
accelerometer to the data logger. The microconnpgeice also received a ten because
the accelerometer and the data logger are direotipected in the circuit. The wireless
design involves signal transmission via Bluetoo#ich introduces the possibility of
interference from other electronic devices. Fds thason, the wireless design received a
seven for signal reliability.

The second category we evaluated was the feasibilittompleting the project
within the client’'s desired time frame. Since aiient plans on using this device in
experiments this summer, it is important that weeha functional prototype by the end
of the semester. The most feasible design wawitieel system, since we have been able
to find all of the parts we would need to constringt device. The wireless design is less
feasible, receiving a seven in this category. Bhare is based on the fact that we cannot
find a data logger with wireless inputs, and angedrs we have found would involve
altering the hardware of the data logger or usialixybadapters. The microcomputer
design is the least feasible because we do navieii would be possible to finish this
design over the course of the semester.

The third consideration in the design matrix focus@ how much weight will be
added to the leg. It is important to minimize tireight worn on the leg since excessive

weight will alter the stride of the runner and fdesu data inconsistent with the runner’s
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normal stride. The wired design is the most ligkight because only the accelerometer
is worn on the leg, and therefore received a niiide wireless design scored a seven
because an additional power supply must be worthereg. Finally, the microcomputer
device is the heaviest because everything is worthe leg.

The final category we judged was the comfort of deeice. The wired design
received a six since the data logger must be warnthe waist, which could be
bothersome. Additionally, the wires running dowe tleg to the accelerometer could
snag or otherwise alter the runner’s gait. Howewer believe that by securing the wires
to the runner’s leg, this factor can be minimizetlhe wireless design received a seven
because it does not have the same problem witts g does still require a data logger
to be worn on the waist. The microcomputer reckihe highest score in this category
because everything is worn on the leg, so it reguino wires. Also, the device is
relatively lightweight and therefore minimizes distfort. However, since there is added
weight to the tibia that the runner normally wouldt have, it only received an eight in
this category.

After weighting the scores and computing the totdde wired device came out
ahead of the other two designs. This is mainly tuéts high signal quality and the
likelihood being completed within the desired tiframe. Therefore, we plan on

pursuing this design for the remainder of the séenes

Future Work
By the end of the semester, our goal is to hawmetibnal prototype that can be

used for field measurements this summer. In otdeaccomplish this goal, we must
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finalize the purchase of the data logger, whichumhes contacting the manufacturer to
inquire about interfacing the accelerometer. \W® aleed to choose an accelerometer,
and order all of the components by the end of MadHile the parts are being shipped,
we will concentrate on designing a system that fiihly attach the unit to the runner.
We will focus on how to best adhere the acceleremtt the tibia and ensure that the
wires cannot be snagged.

Following this schedule, the team will be left aenpime to construct and test the
device. Once the device has been assembled, wanakle any necessary software
adjustments to ensure the compatibility of the cevefore continuing with testing.
Through testing, the team will then be given a ckato fix any unforeseen problems
with the prototype. We will also evaluate the gyabf our data by running with the
existing equipment and our device simultaneouslyis type of testing will confirm or
deny the validity of using a portable system to soee forces on the tibia. If the portable
system proves to be reliable, future possibilitialt exist to refine the prototype and

develop a microcomputer design.
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-Appendix 1-

Running Impacts Product Design Specification (PDS)
Amanda Feest, Chelsea Wanta, Matt Kudek, Lindselg@g Nicole Daehn
3/14/07

Function: The completed prototype will measure the impadtsumning using tibial
acceleration data. The device should use accedtsvg) which will record data to an
incorporated data logger. The device must beyeasitn by the user, and the hardware
should have the ability to do most of the data pssing. This instrument will be used to
diagnose stress fractures and other injuries celateunning.

Client requirements:

$1500 budget excluding data logger

Durability and battery life are important for fielde

Continuous, solid, reliable signals are required

Ensure that the accelerometer does not move wsfier to the tibia

Data should be processed either by the data laggssftware

Unilateral tibial acceleration measurements wilfise for the first prototype

Design requirements
1. Physical and Operational Characteristics

a. Performance requirements: Ideally, the runner will take the device into
the field and record data from three runs. Theebatlife and memory
must be able to accommodate this criterion.

b. Safety: The equipment and wiring needs to be secureldgaunner.

c. Accuracy and Reliability: Data logger should record data at a sampling
rate of 1-2 kHz. The accelerometer should be &bleecord peaks of
40G’s, although it should have good resolutiontfoe 0-20G range since
this is the normal range.

d. Shelf Life: Device should be able to be powered off when g
used to save power.

e. Operating Environment: The device will be used primarily outdoors.
Therefore, the device must be able to withstandhtrans in temperature
and other weather elements like wind and humidifjne device may be
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exposed to considerable dirt and dust from the spimere. The device
will be moving up and down with the runner, socahnections should be
secure.

f. Ergonomics: Any device pieces that are worn on the leg shddd
placed on the outside or back of the leg to predanmtage due to running
style. The wiring should not interfere with thenner’s strides.

g. Sze: Everything must be able to be worn while running.

h. Weight: The unit should be as lightweight as possiblemaximize
comfort. The portion of the device that is worn e tibia must be
especially light so that it does not interfere vk runner’s gait.

I. Materials. The device must be attached to the runner’s tisiag a
material that will conform to the leg’s shape eithg wrapping or using a
relatively elastic material.

J- Additional Client Preferences. A wireless system (possibly Bluetooth)
would be preferred, but may not be practical fdirst prototype. Also, if
possible, the data logger should process and tmig slata points that are
above a certain threshold.

2. Production Characteristics
a. Quantity: One.
b. Target Product Cost: The budget for the product is $1500, excluding
the cost of the data logger.

3. Miscellaneous

a. User: The device should be comfortable to wear whemingn (for
example, the device doesn’'t bounce when running).

b. Patient-related concerns. The device must be able to be wiped with a
disinfectant between patients.

c. Competition: Current set-ups are stationary, so the patierst cmme to
the lab to partake in the study. The impacts cebeomeasured over the
runner’s normal paths. No portable devices cafobed on the market.



