Some NEW projects: (1 - 4 are from Children’s Hospi  tal in Cincinnati):

For more info: http://www.cincinnatichildrens.org/research/projeictdc/ail/lab-team.htm

1. Interactive Gaming Environment for a Peak Flow M eter

The objective of this project is to create an interactive gaming environment for teens to learn to
use and utilize a peak flow meter and metered dose inhaler (MDI) for asthma management.

A peak flow meter gives a reading necessary for asthma management and monitoring
symptoms. It measures the ability to push air out of the lungs. Expected readings are based
on age, gender, and height. After patients determine their best ever peak flow reading,
subsequent readings can determine if the patient is doing well, needs to call their practitioner, or
needs to go to the emergency room. Many teens have difficulty learning the proper technique
and sometimes don't give their best effort.

A metered dose inhaler delivers medicine to the patient by aerosol. When done properly with a
spacer, this device enables patients to receive medicine into their lungs. Many patients do not
use their MDI properly and, therefore, do not get enough medication. Good technique is
important which requires the patient to breathe in slowly and deeply and then hold their breath
for 10 seconds.

This idea was born out of Wii-fit technology. We’d like to create an interactive gaming
atmosphere to be used in clinic to engage teens and teach them how to use a peak flow meter
and MDI. This system would give them immediate feedback about their technique (peak flow
meter and MDI) and their readings (peak flow meter). using a peak flow meter and MDI. Teens
would create an avatar with a username they could return to at later visits. They could join a
competition within the clinic that awards them points for technique, effort, and range.

In the future this system might be able to be used at home thru a
gaming system and compete against others for peak flow values and
medication adherence (i.e. getting points for consistently keeping peak
flow in range and a message of what to do if you are out of range).




2. Portable Indoor Air Quality Sensor for Teens wit  h Asthma

Adolescents with asthma are sometimes exposed to indoor allergens and irritants that can play
a significant role in triggering asthma attacks. Examples of indoor triggers include second-hand
smoke, dust mites, mold, cockroaches, household pets, and combustion by-products.

Poor air quality where teens with asthma live, sleep and visit is detrimental to their health and
can exacerbate asthma symptoms and bring on acute asthma attacks. Many teens who come
to the Teen Health Clinic have little or no control over the indoor allergens or irritants to which
they are exposed. While we spend time in clinic educating both patients and families about the
danger of exposure to irritants, such as second-hand smoke, we find that teens are often still
being exposed to high levels of allergens and irritants.

Our objective for this project is to develop a sensor that teens could carry or wear that would act
as an early warning system to poor indoor air quality. The purpose would be two-fold. First,
teens and parents could see the cause and effect of poor indoor air quality on asthma
symptoms since changes in the sensor would coincide with the onset of asthma symptoms.
Second, teens could be more proactive by taking steps to either improve indoor air quality or
extricate themselves from the room, if necessary, before asthma symptoms become apparent.

The sensor would have to be calibrated to the individual teen’s threshold for poor air quality
causing asthma symptoms. Teens are exposed to poor air quality at home and places they visit,
such a sensor would have to be small enough to be portable and unobtrusive. It would have to
be fun, or look “fashionable” for the teen to carry or wear.

3. Electronic Asthma Action Plan Problem Statement

Teens with asthma have difficulty managing and knowing what do with their asthma symptoms
and/or their peak flow results. To help, we give them a one-page Asthma Action Plan (pictured
below) which describes what to do, depending on how they feel or what their peak flow results
are. The Asthma Action Plan helps guide teens on what to do to treat their asthma symptoms
properly, which helps reduce emergency room visits and helps them feel like they are in control.
It can also help prevent death from asthma.

The portability is questionable since most patients when asked do not know where their Action
Plan is located. Patients that we see in clinic have limited access to computers, if they have
access to a computer at all. However, these patients are very much into technology, such as
texting on cell phones.

The objective for an electronic, interactive version of the Asthma Action Plan is to provide
asthma patients with a portable, easy-to-use tool that will help them better manage their asthma
symptoms, medications and peak flow results. This tool needs to be something that they would
be excited about and want to use, instead of having to look at a piece of paper and figure out
what to do on their own. It also needs to be individualized based on the medication that's
prescribed for this patient by his/her health care provider and by their own predicted or best
peak flow results. Since these patients do not often have access to a computer, it would be
preferable that this electronic tool/device not be a computer application. The goal would be to
provide patients with immediate responses on how to control their asthma symptoms. For
example:



“I have been experiencing asthma symptoms — such as coughing, wheezing, tight chest — for 15
minutes.” Response: Use your rescue medication.

“I have been experiencing asthma symptoms — such as coughing, wheezing, tight chest — all
day.” Response: Use your rescue medication, then call your health care provider.

“I'm not sure how | feel.” Response: Use your peak flow meter and then enter your results.

Teen also need the ability to track their progress, symptoms, medication use and peak flow
results. (For example, if the patient has used his/her Albuterol/rescue medication, the
device/tool would alert the patient when it is time to call to get a refill.) For a certain number of
our patient population, teens have found a paper symptom tracking tool very helpful, but again,
the paper chart (pictured be|ow) is not very portabln Datiante winiild wwant tn can a “waoaols at a
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4. Problem Statement: Improving communication betw een parents and teens regarding
asthma symptoms and treatment

Teenagers want to be independent and dislike being “nagged” by their parents. Parents want to
respect their teen’s emerging independence but they also want to know how their teen is doing
with his asthma and to help with symptom management when possible. There is a lot of
research evidence that increased parental monitoring of teens activities’ is associated with
improved outcomes, not just for management of a chronic health condition but also in other
aspects of life, such as substance abuse and delinquency.

In interviews that we have conducted with parents and their teens with asthma, teens and
parents have told us that they are looking for ways for parents to be aware of teens’ medication
use (i.e. Are they taking the controller medications that they are supposed to take regularly?
Are they needing to take the “rescue” medications that they are supposed to take when they are
having asthma symptoms, like shortness of breath or wheezing?). Further, they would like to
know if their teens are having asthma symptoms. They would like to have this information with



out having to directly ask their teen, which both teens and parents perceive as nagging. Times
that teens are away from home, for example when they are playing sports or out with friends,
makes communication of medication use and asthma symptoms between teens and parents
especially problematic.

Teens and parents would like the solution to be private (i.e. friends wouldn’t see a parent
walking up to a teen to ask about symptoms or medications); low cost; and to use technology
that would be portable for both parents and teens. Sports participation and its increased risk for
asthma symptoms is particularly worrisome for parents, so ideally the solution/device/software
would be sturdy enough to be carried in a gym bag or backpack.

5. Wheelchair-bound flight simulator

Children who have been wheelchair bound have no means of experiencing fast motion and
flight, in a safe and individually controllable environment. Inexpensive and LARGE high-
definition monitors now give us a likely means of presenting an almost-360-degree experience.
Coupled with a motor-controlled platform, we could give a wheelchair bound child a feeling of
motion and flight. This concept has not been thought-out, but the sky’s the limit.

6. The “DISCO” System

The objective of this effort, currently underway, is to provide a programmable light and sound
station, for therapists and teachers to use when teaching choice-making and cause-and-effect
relationships to physically and developmentally impaired children. Utilizing light, sound, videos,
music, spoken-word, and tactile stimulation such as soft vibration, the station will help therapists
and teachers create a positive feedback, or a calming environment for students who react
positively to enhanced sensory experiences. The clients and customers are the teachers and
therapists. The users are the handicapped students. The plan is to keep statistics on successes
and failures during use, so that teachers can alter the experience, and use it as part of a child’s
Individual Education Plan (IEP).

A team of Computer Science and Engineering students piloted this project (the enthusiasm of
this pilot team for helping handicapped children through the use of stage lighting, fog machines,
fiber optics, water, sound, music, and video has been overwhelming and immediate). Students
dubbed it the DISCO system, for obvious reasons. However, the system as it exists is
cumbersome and difficult to use, and needs a re-design with modern hardware.

The Center for Handicapped Children’s Learning Center in Williamsville, NY has again agreed
to allow us access to their facility for student tours and interviews. Therapists from the center will
visit class. Videotaping of the teachers, therapists, and children is again expected. The
Computer Science students in the Software Engineering course will be immersed in the client
environment as much as possible.

Look for some equipment here
Here’s the current system, largely unused:



7. An Augmentative Communications Device

The objective is to use software, commercial-grade technology, and an agile user interface to
help speech-impaired individuals to communicate. The Talker must have two modes, one that
allows a user to select categories and phrases through preprogrammed menus, and one tthat
presents a soft keyboard of letters and words, to allow the user to construct new phrases.

Keyboard mode will take advantage of context-awareness, phrase completion, and an evolving
intelligence that will prepare responses in anticipation of choice, in order to make the device
easier to use over time, for individuals with gross and fine motor impairments.

The communications device will be a readily available laptop computer with touch-screen,
joystick, trackball, or other input capability, and simple audio and speaker output. Software will
serve to translate simple selection into speech.

In menu mode, in order for the device to be used by the severely handicapped, it must contain
an “auto scan” mode, in which menu choices are highlighted sequentially, the current choice
signaled by a spoken audio prompt, and a selection is made by a single switch. All labels and
buttons must be configurable for phrase to be spoken, button label, and button picture (for those
who cannot read). It must include an on screen keyboard mode for the construction of words
and phrases.

Once and for all, and after many attempts, we need a final, workable solution. It needs to
include these components”

Configurable voice

Separate voices on separate channels (one for speaking, one quiet from prompting)
Easily configurable, pre-programmed menus: colors, pictures, phrases

A soft keyboard mode to build new phrases



Phrase completion, word completion, content prediction
Modern-looking buttons and GUI
Single switch based auto scan, with visual and audio queues

The ability to add phrases and pictures from a file (add them but not replace what is
there).

Here’s a sample menu screen. Yours should look much more modern than this.

Here’s a sample keyboard. Again, this is primitive.



More than a few members of this team will need to concentrate on getting the GUI exactly right.

8. Badge Tracking System

The Center for Handicapped Children requires that all teacher, therapist, and student activity be
tracked to the minute. Therefore, they require an identity badge, card-swipe, attendance and
categorization database, to track entry into and out of buses, buildings, and rooms. The system
must identify automatically the person, place, and activity. It must time-stamp and categorize the
activity, provide security through common-sense judgments (e.g. alarm the same person
entering widespread locations within seconds, etc.). Administrative staff will use the system for
accounting purposes, to bill school districts for services. Therapists and teachers will use the
system to assure that mandated therapies and activities are accomplished (e.g. that a student
received three hours of speech therapy on a given day). Facilities personnel will use the system
in the event of an emergency to locate all people within the facility in real time. Security
personnel will use the system to monitor normal vs. suspicious activity, and provide the basis for
alarms and monitoring restricted areas.

This effort will prove useful beyond the Center for Handicapped Children, hopefully used by
assisted living facilities to help track elderly clients, or in psychiatric centers, or in hospitals that
care for the aging.

9. A Remote Controlled Wheelchair

Teachers of the severely handicapped will find great benefit in the ability to control the
wheelchair of a child who is unable to control it themselves. The problem to be solved includes
appropriate safety measures, spatial sensing and determination, perhaps sensors in the walls to
lay out safe routes, hardware control at the chair and input processing from the remote steering
unit. The chair will include a camera, and the remote controller will include a video image.



10. Computer and Internet Access via a Single Switc  h

Design the means to navigate a desktop and surf the Internet using a commercial-grade
computer and a single head-switch. See:

http://ricooper.com/switch-click/index.html

for an example of the type of input device that is available for people with gross motor
disabilities. The software that you design and write should be able to present choices that make
sense, and provide the means for a person to select and acknowledge the next operation with a
single click. Note: the amount of time it takes to scan and select is irrelevant, since this
capability does not currently exist in any form. This system should allow the launching of any
program, the specification of any target URL, etc.

This program should provide the following functionality:

The ability to select the method for iterating through the list, such as verbalizing each
element in the list, or highlighting each specific element.

Once a program is selected, if the program requires further configuration, to present the
different options and have the desired on selected.

A simple interface for adding and removing programs. Any program can be used, such as
Internet Explorer or UB Talker.

A set of standards and the required documentation to add additional functionality or allow
the programs themselves to take advantage of certain functionality of this software.

Possible additions:

A single-switch music and video management program, so that people with limited motor
skills can control their music and video libraries.

A single switch appliance management program, to turn on and off kitchen and
entertainment appliances using something like this:

Switch & Sense connected to 8 outlets

The ability to navigate Second Life:

http://afp.google.com/article/ALeqM5g7BHpQou-bdelEGRgWmM5UDMI73UA

11. Dynamic, general purpose screen-builder and tea  ching aid

Therapists need a tool that allows them to build input screens of large, bright, colorful buttons on
a computer screen, and then program various means of selection and resultant action. For
instance, selection of an on-screen button might result in music, video, spoken phrase,
continuation of a story, hardware control, movement to a more complex screen, etc. The
programming effort is to construct an editor - much like a paint program - that will allow special-
education teachers to construct sessions of almost unlimited cause and effect.

The on-screen buttons must be customizable in size, shape, color, picture, and
accompanying text. Buttons will be placed on a grid, and grids should be designable of
various sizes and button positions.



The selection method must be by (either or both) direct mouse click or auto-scan. Auto-
scan is a mode in which the computer cycles through possible choices, highlighting each
button in turn, selectable with a single switch (usually mimicking the left mouse button).
Highlighting should be both visual and audible, and of a configurable duration.

Various forms of selection feedback should be available; that is, when a student makes a
selection, audio or visual feedback should note the selection.

Action after selection must be programmable. Allow the therapist to specify a phrase to
be spoken, a video or song to be played, another screen or grid to go to, perhaps a script
to a hardware driver (use your imagination). For spoken phrases, a voice must be
selectable. For music and video, files must be selectable. This will require considerable
research into speech engines and sound file formats.

The "Phrase to be spoken" option will require sentences to be built. Remember that
children will be building the sentence using the on-screen buttons, and not the computer
keyboard.

Statistics must be kept on correct selections and time-to-make a selection, and what type
of help was used (did the teacher offer auditory or visual cues, handover-hand help, or
none?). The plan is to keep statistics on successes and failures during use, so that
teachers can alter the experience, and use it as part of a child’s Individual Education Plan
(IEP).

Note that there must be a "screen-builder" tool, and a "run" mode. The Screen Builder results in
a save-able and retrievable file, which can be used for many students. There should be no limit
on the number of screens that can be built. Certainly, one of the specifiable actions of a button
will be to load another screen.

For a commercially available (but inadequate to our spec.) comparison, see:

Speaking Dynamically Pro

The following is a $3300 (also inadequate) product:

Optimist 11

12. Completion of CHC’s web site - for anyone so inclined to take on a web design and web
hosting task. This project must be taken to completion, including hosting the site with a
suitable ISP.

13. A smart building and receptor, for the blind

Consider the unique conditions experienced by the blind, and an innovative use of the touch-
and-feedback (as opposed to the visual) capabilities of the Tablet PC.

When a sighted person enters a room (especially large areas in large buildings), they instantly
and almost subconsciously gather a collection of introductory information, much of which is non-
transitory:
Where are the exits? Obstacles? Walls? Elevators? Is there an information desk?
Restrooms and water fountains? Where are the dangers? Where is the fire
extinguisher?
Blind people have no such capability to survey each new environment.



However, a Tablet PC with a wireless Internet connection and a GPS receiver can instantly get
a “map” (in an unconventional sense) of every building and room its user enters. A blind person
can interact with the tablet screen by tracing a stylus across it to get audio instructions:

“You are here at the south entrance”
Tracing your finger around the periphery yields:

“West wall, exit doorway”
“West walll, fire extinguisher”
“North wall, elevator”

.. etc.

The surveying program can provide safe passage instructions, known obstacles and restrictions,
and locations of key elements (imaging locating sections of a library or stores in a mall).

Suggested steps:
- Get reasonable maps of a few key university buildings
- Build an Internet-based database of such maps
- Use GPS to retrieve the appropriate map over the Internet
- Create a visual-to-audio translation program to generate speech in response to
stylus movement across the map
- Create the touch-only interface for various survey functions

Later areas of research:
- Conversion of CAD map drawings to a standard for our use
- Use of accelerometers (Wii controller?) to track the blind person’s movement
through the room

14. Video-conferencing-based classroom extension

For children who are too frail or technology dependent to make the regular trip to a classroom,
a webcam in the classroom for viewing at home, and a web cam in the home for the teacher to
see the student. But more is needed.... the teacher must have a screen with all participating
children on one page, and the child at home must have a switch to hit, to get the teacher’s
attention. A scheme must be developed for full participation by remote students. It must require
only commercial-grade technology and must not be an unnecessary financial or time burden on
teachers and parents.

15. Develop a “Socially Relevant Community” class ¢ urriculum and web site:

Microsoft Research Corp. has asked us to develop a web site and course curriculum to promote
Socially Relevant Computing. This will require some design and discussion.

The course development will make use of some or all of the community-based projects
developed here, and apply them to this freshman- or sophomore-level course, particularly the
Talker, DISCO, and the firefighter monitoring system.



This exercise will involve:

Designing the curriculum
Preparing the lecture materials
Preparing the programming projects
Coordinating a relationship with community organizations for this first semester and many
afterward
Coordinating visits between clients and students, firefighters, therapists and special
education teachers for their expertise to develop community-based projects
For the community based projects:
o Purchasing and configuring execution Tablet PCs
o Purchasing acceptable speech engines, GPS devices, and biometric sensors
o Purchasing acceptable graphic icons for the user interface
Configuring .NET development environments.
Advertising and publishing our work

Expected Outcomes

A fully implemented single-semester Introductory Programming 2 course for majors with
national acclaim for its use of social relevance and community outreach to motivate
incoming freshman to pursue Computer Science as a career.

Continuing industry and academia support for our efforts through the publication of
papers and speaking engagements. We have already published the following papers
based on this work:

o Socially Relevant Computing - John Nordlinger, Devika Subramanian, Michael Buckley, SIGCSE
2008.

0 The Microsoft Ultra-Mobile PC As An Enabling Technology For Students Working With The
Handicapped - Michael Buckley, Microsoft Research Faculty Summit, July 17, 2006, Redmond
Washington.

o0 Experiences Using a Heuristic Evaluation Tool on AAC Software Interfaces - Kim Adams, Kimberly
Portis, Ann Bisantz, Michael Buckley, Jeff Higginbotham, Kris Schindler, Matt Sweeney - RESNA
(Rehab. Engineering Society of N. America) Conference June 2005.

0 “Using Tablet PCs in Augmentative Communications” — Buckley — Microsoft Faculty Summit, Aug
1-3, 2004, and Technical Education Conference, May 23, 2004

0 “Using Socially Relevant Projects In A Capstone Design Course in Computer Engineering” —
Buckley, Schindler, Kershner, Alphonce — ASEE Annual Conference, Spring 2004

0 “Benefits of Using Socially Relevant Projects in Computer Science and Engineering Education”,
Buckley, Kershner, Schindler, Alphonce, Braswell — Conference of the Special Interest Group on
Computer Science Education, March 2004.

0 “University Students Develop Socially Relevant Systems To Assist The Disabled,” Schindler,
Buckley, Kershner, Center On Disabilities Technology And Persons With Disabilities Conference
2004

16. Hospital and Nursing Home Alert

Google “Nursing home assaults” and read the extent of the problem in the U.S. What could be
used to prevent these tragedies. One suggestion is to monitor and alarm the weight changes on
a patient’s bed. Either a sudden decrease or increase suggests the absence or presence of a
person. How might that information be used? A log of the information long term can be used as
to replay an event. It can trigger a secondary system of cameras or a nurse alarm. Measures
must be taken to prevent disabling, and to prevent false-positives (and false negatives). It must
be non-intrusive in normal care giving. It is currently not designed.



17. Community Information Database/Website  — a local news organization would like to offer
people the capability to click use Google maps to find their house, and click on it to get a list of
all available info on the surrounding area:

- waste dumps near

- sex offenders living near

- houses for sale / price

- upcoming activities in the area

- flood information

- planned construction

- traffic patterns

- etc.

Apparently, all of the information exists currently in online databases. We would have to design
the web GUI and access the databases to consolidate.

18. “SimCity”-like simulation for downtown and wate rfront development - produce a
game, like SimCity, in which Buffalo area residents can attempt to design construction and
architectural restoration projects in Buffalo. The game would have to include:

- the ability to design building, street, traffic, etc. icons

- lace the icons and pre-constructed maps

- run simulations for cost, environmental and traffic impact, decay, etc.

19. The Firefighters / First-Responder Locator and Monitoring System

There is a clear need to enhance the safety of our First Responders by continuously monitoring
their position and sensing their vital signs and environment while in dangerous situations. A
wireless networking device attached to each person could do this, as well as serve as an
alternate communication channel to his or her voice radio. The device would provide them with
three major advantages:

o Location: Incident Commanders, back-up personnel and the Responders
themselves will always know their precise position

o0 Monitoring of vital signs and environment: pulse rate, body temp, air temp, CO,
gas, etc. are sensed and communicated to nearby monitoring stations

0 Back-up two-way communications: panic button and other important information
can be communicated as an alternate, robust path to the standard voice radio.



But the challenges posed by the demanding environment in which these devices must work are
great:

1. Traditional wireless does not operate well within buildings, under rubble, or inside
tunnels. Newer wireless technology such as Ultra Wide Band [UWB] shows promise, but
commercial research here focuses on high data rate transfers, not on long range
operation through structures. Moreover, this technology is ideal for radar ranging, which
can provide the needed position determination.

2. Another technique to extend network connections beyong radio range is Mesh
Networking. Devices that can't communicate back to a command center will connect with
their nearest neighbor.

3. The complex algorithms to communicate, locate and sense the environment all must
execute on a low power, portable microprocessor under extremely rugged circumstances.
Will all the necessary processing fit? The results are needed in realtime, reliably enough
so life critical decisions can be made. Research must explore the practicality of
executing all this software under realistic circumstances.

Several technology areas need to be advanced to make this concept a reality. Spectracom is
depending on the upstate NY academic community to further the state of the art in the following
areas:



UWB — Ultra Wide Band Radio

Research the propagation of UWB signals in indoor, underground and other high multipath
environments.

Syracuse University, Dr. Lisa Osadciw

Radio waves bounce off some objects and penetrate others. Wireless operation inside buildings
and other structures are exacerbated by this multipath effect. Recent advances in
semiconductors have opened up a wide frequency band, which shows promise in combating
this problem.

Multi-Lateration Ranging and Position Determination

Research the optimum algorithm for combining multiple range measurements among several
nodes of a mesh network along with other position cues to determine precise 3D locations for
each node.

Syracuse University, Dr. Lisa Osadciw

Radar-like measurements of network traffic between nodes — measuring the time travel of the
radio waves to determine distance — can provide 3-dimensional location fixes by geometrically
combining many measurements.

Mesh Networking

Research the optimum Media Access Control and Networking layer algorithms for reliable,
modest-speed data transfer which conserves battery power while simultaneously doing ranging.
Rochester Institute of Technology, Dr. Nirmala Shenoy

Responders will work in small groups or cohorts. Their networking devices will follow a protocol
so that several cohorts with many participants per group can simultaneously send data and
measure range using the same radio spectrum without interfering with each other.

Embedded Sensor Systems and Software

Devise practical methods for integrating body and environmental sensors with the personal
networking device for use under demanding situations.

State University of NY at Buffalo, Prof. Michael Buckley

Sensitive sensors on the individual need to be connected to the wireless networking device,
possibly by additional very short range wireless links, and in transmitted in realtime to all
participants on the network.

This is the research proposed for sponsorship by the CAT Development grant. It is essential
and complimentary to other related research on-going and funded by other agencies. The
diagram below illustrates all the technology areas needed for this complex system.



Personal Wireless Electronics and Power Sources

Research innovative methods for powering the electronics and placing them and the antennas
on the responder’s apparel.

National Science Foundation SBIR grant request (pending approval)

Kinetic energy converters for charging batteries; antennas woven into fabrics or molded into
helmets; conductive textiles — these are some of the advanced technology that must be
explored to create a usable networking device for life critical operations.

Feasibility Testing with Fire Fighters

Develop and demonstrate prototype sensors that will measure several parameters such as
firefighter respiration rate, heart rate, local temperature, and volatile gases.

Rochester Institute of Technology’s Collaboratory, Dr. Robert Kremens, under NASA
sponsorship.

We can enhance the safety of structural firefighters by monitoring their health, the immediate
environment, and their location and communicating this information back to a command location
outside the structure.

Geographic Information System Display

Integrate all the sensed information into a cohesive, visual situational awareness picture for
Incident Commanders. The presentation will be in three dimensions, with map and photo



overlays and integrated into an informational database containing details on the responders and
the environment.
Under investigation with commercial vendors for GIS software applications

Detailed Research Descriptions

SuU

Ultrawideband (UWB) signals have begun appearing in commercial products, primarily
communications products. The most popular form of an UWB signal, (i.e., any signal with a
bandwidth exceeding 20% of the center frequency or at least 500 MHz), is to take a traditional
narrowband modulation like CDMA and spread it over the UWB bandwidth using orthogonal
frequency division multiplexing. This is an easy first step into UWB signaling, which yields part
of this new technology’s performance benefits. Once the signal is demultiplexed, the processing
is identical to narrowband processing, and the analysis can be done without considering the
wideband nature of the signal except for the increased number of signals multiplexed. However,
this project will require the impulse form of the UWB signal in order to achieve a greater
propagation robustness in the channel due to the challenging environment and ability to locate
people and objects in heavy multipath conditions. Thus, this project will significantly advance
UWAB signaling by designing a sensor network with the ability to transmit data and,
simultaneously, locate people and objects in harsh environments.

In communications, this problem is unique due to its need to communicate in the
presence of heavy multipath with few errors and fewer users with no concern for transmission
speed. Most commercial UWB communication products have the increased user capacity and
the data transmission speed. Signal processing must focus on the time domain for UWB while
traditional signal processing focuses on the frequency domain. A slight mismatch in frequency
will not greatly impact an impulse UWB system performance. However, time synchronization
and time measurement must be highly accurate for decoding the messages correctly.
Spectracom is at an unigue technology advantage through its ability to provide highly accurate
time estimates, thus, being able to provide the critical accuracy required for this system.

In location estimation, this system will be solve the problem again through accurate time
measures and additional new location algorithms. Multilateration is a possible approach that
iteratively arrives at the location estimate through successive attempts to match candidate
locations with the measurements made by the sensors. There are a few factors that improve the
location estimate from this approach. The most critical factor is, of course, the accuracy of
measuring time. However, the sensors also need to surround the object or person to be located.
In addition, variation in sensor height is required to achieve a sound height estimate. The
accuracy of the people or object location relies directly on the accuracy of the sensor’'s own
location. Since GPS signals are difficult to maintain in buildings, caves, etc., a sensor location
algorithm needs to be developed that combines GPS location updates and Kalman tracking,
which will be applied to motion measurements made by the sensor.

The ultrawideband signals in this system support two functions: communication and
location estimation. Thus, the physical layer of the communication protocol must integrate the
signal content and function. Sensors are transmitting signals that are making measurements
and/or transmitting data and voice. Signal prioritization may be successful in accomplishing this
but a new protocol approach such as ant agents may be necessary to “escort” the messages
through the network. The “escort” is able to make rerouting decisions given the state of the
channels as they dynamically change. The objective is to move through the degraded network
performing the required functions while avoiding degraded nodes without greatly impacting
system performance. Thus, a proposed cross-layer approach to mesh networking is needed,



which incorporates a smart physical layer management algorithm. This project will create a
cutting edge, cross-layer protocol that is tailored to sensor networks.

RIT

Under emergencies, it is necessary to set up an Ad Hoc Wireless Mesh network among
the Responders, Command Base Station and other emergency handling units. Typically, in such
areas the communications infrastructure has been disrupted. The mesh network has to be
robust, reliable, have low latency in data transfer and easily deployable. The devices with the
Responders will form an Ad Hoc Mesh Network. Responders will work in small groups and the
devices will facilitate networking among several groups, where the participants can
simultaneously send data and measure range without severe interference from one another.

It is necessary to monitor the vital signs of the Responders. Sensors collecting the pulse
rate, body temperature, air temperature and CO2 gas around a Responder will form a small
personal area network, and the data so collected will be aggregated at the devices held by the
Responders.

As the devices with the Responders are handheld, they have to conserve battery power.
Traditional networking protocol stacks were developed for operational optimizations under
normal conditions, hence are not suitable to the ad hoc networking requirements under
emergency scenarios. A compact protocol stack, with functions from across several layers (of
the normal OSI model or TCP/IP model) will have to be integrated in a cross-layered approach.
Robustness, low latency and reliability are best achieved by through a low-collision medium
access and a robust routing mechanism. |

IEEE 802.11 medium access is well known for its poor performance under an ad hoc
network scenario. Besides collision control, traffic jamming has to be avoided at all costs in such
emergency networks. Data prioritization is very essential, as vital communications across the
responders should get priority over other data. Hence, it is not advisable for such emergency
networks to operate using the 802.11 medium access protocol. A medium access with low
collisions, high reliability and capability of data prioritizations is essential.

Route discovery and route establishment across several responders simultaneously is
essential in emergency networks. These routes have to be robust i.e. on the failure of one route,
other backup routes should take over to carry forth the data. These two major routing related
challenges will be addressed in this project. Traditional reactive routing protocols for ad hoc
networks like AODV and DSR or proactive routing protocols like OLSR lack in either the route
robustness or the controlled flooding during route discovery or in both.

The primary data that is expected to be carried across in emergency networks are voice,
short broadcast messages, sensor data and text messages. These will be carried over the
compact protocol stack outlined above. The proposed scheme will be physical layer agnostic.
Testing and Implementation:

The proposed protocols will be tested using simulation approaches based on the well-known
networking simulation tool Opnet. The protocols will be developed such that they can be easily
programmed into FPGAs for initial prototype testing. For this purpose we need two dedicated
PC that will run Opnet. The printer requested will be dedicated to this project.

uB

The University of Buffalo will use its Embedded Systems Computer, in conjunction with two
graduate courses in Software Engineering and HW/SW Integration, and using faculty and two
dedicated senior-level students, to build an embedded processor, body and physiology sensory
system, and situation display for the NYSTAR project. The Embedded Systems Lab has
experience in developing body-sensor telemetry systems for NASCAR, ingestible gastro-



intestinal [GI] monitoring systems for Smartpill, Inc., and augmentative technology for the
handicapped.

The embedded processor will be a ruggedized extended-temperature single board computer
possibly in a PC/104 form factor (TBD), running Microsoft's Embedded CE operating system,
with software developed under Mobile.NET. It will connect to physiology sensors and transmit
data to the situation display.

The situation display will be a commercial laptop running Windows XP or VISTA, with software
developed under Visual Studio.NET, which will display and log body sensor readings.

Glossary

Ad Hoc Wireless Networks — devices automatically recognize, connect and communicate with
each other without any previous configuration commands.

AODV - Ad Hoc On Demand Distance Vectoring — a multi-hop networking technique for
determining how to send data to a remote node across a mesh network.

DSP - Digital Signal Processing

DSR — Dynamic Source Routing - another multi-hop networking technique

First Responders — fire fighters, law enforcement, emergency medical services, and rescue
workers, anyone that must respond to emergency situations and risk their lives for homeland
defense.

FPGAs — Field Programmable Gate Arrays — electronic logic devices that can be programmed
after they are in use.

IEEE 802.11 — the standard that defines the WiFi wireless networking protocol for our PCs.
Matlab — a well-known mathematical simulation and analysis tool.

Media Access Control — the manner in which multiple nodes on a network use the
communication channel (the media).

Mesh Networking — a technique where wireless participants pass each other’s data across the
network. Most networks have a central hub that controls transmissions — our cell phones
connect to the cell tower or our WiFi PCs connect to a wireless hub — but in a mesh network,
peer-to-peer connections pass the data along to where it needs to go.

Multi-Lateration Ranging — radio waves travel at the speed of light. By measuring the transit
time of a data transmission, the range between a transmitter and receiver can be determined.
Measuring the range from several diverse nodes allows one to triangulate on their position in
three dimensions.

Multipath — radio waves bounce off objects and walls, creating many signals at a receiver from
just one transmitter. Receivers have to sort out this jumble to choose the direct path signal.
OLSR - Optimized Link State Routing - another multi-hop networking technique

Opnet — a well-known networking simulation tool

OSI — Open Systems Interconnect — a universal standard for describing how computers
communicate.

PC/104 — a standard format for embedded microprocessor circuit boards.

RF — Radio Frequency

TCP/IP — Transport Control Protocol/Internet Protocol — the primary manner which
communications over the Internet occur.

UWB - Ultra Wide Band — a wireless technique for transmitting data over many frequencies to
improve range and increase data speed. The technique was first used by Marconi 100 years
ago in creating the wireless telegraph but recent advances in digital signal processing
technology is causing a resurgence in its use.



