10101010161 0101¢

i

010101010101 D1f31'

Wireless Sensor Networks
for Healthcare Applications

Michelle L. Chen (FAS), Orlando Gutierrez, M.D. (MGH), Jonathan Wyler (HBS) December 2007
Inventors: Mark Hampstead, Nikhil Tripathi, Patrick Mauro, Gu-Yeon Wei, David Brooks (SEAS)




Wireless Sensor Networks

A high-tech solution for a broad range of applications

A wireless sensor network (WSN) is a wireless
network consisting of spatially distributed
autonomous devices using sensors to
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tecture, and not a specifi

design or product, so feasibility must demonstrated for

specific application-specific embodiments
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created and low power consumption levels demonstrated

The Cutting Edge of Wireless Sensor Technology

* Prototypes of motes using this architecture have been

Stage of Development
* However, the innovat
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TECHNOLOGY BENEFITS

Event-driven computation: eliminate
unnecessary event-processing overhead
with an event-driven hardware platform.

Hardware acceleration — system that is
optimized for specific tasks.

Exploiting regularity of operations within
an application

Optimization for particular applications to
reduce power, while enabling broad
functionality.

Modularity — architecture allows different
hardware configurations for applications.

Power management based on
computational requirements. The power
target is 100 uW for normal workloads.
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Chart 5.6
Wireless Sensors and Transmitters Market: Revenue Forecasts for Healthcare, Medical and Biometrics
(World), 2002-2012
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Commercial Opportunity Assessment

HEALTHCARE

There are potential opportunities for WSN
in healthcare, but they are still in infancy
m Need for wireless monitoring due to
“‘monitoring gap” — can’t monitor all
patients due to cost of wired diagnostic
equipment
m There are funded hospital and academic
research projects in this area — but few
companies have started or had success

Healthcare applications generally use the
“cell phone model” with different demands
m No real need for ultra-low power because
of opportunities for charging batteries
m [tis unclear who the customer is on many
applications (e.g. mass casualty)
m Many other challenges related to

infrastructure, lack of standards, security,
and data volume and integrity

Equipment tracking has been mentioned a
number of times as most relevant and least
complex relative to technical, regulatory
and market adoption challenges

There are currently far more appealing and fitting applications than healthcare
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= Asset tracking

= Active WSN systems can enable tracking
over much larger areas with less expensive
scanning systems versus passive RFID

m Industrial automation

= Wireless systems now can provide financial
benefit over previously wired systems

= Environmental monitoring

= Very long-term application require ultra-low
power, potentially with energy harvesting

m  However, this is primarily a research interest
and a commercial market is yet to develop

—
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Application Relevance Assessment

Appealing markets and need for benefits of this invention must align

Application Customer PI(_)(\)NV\(;r —I\l/ljfa(.jr E'\j;f]gts Market ‘?S?MRI\%/ E(;tMI\%)Z Overall
Defense/security | DOD/DHS ® ® ® @ 49 676 ®
Industrial equip. | Misc Mfg's | @ () ® O 14 142 o
Asset tracking Many ® O O ® $B $Bs ®
Automotive Auto Mfg’s O ® ® @ 10 232 ®
Building auto. Many ® ® o ® 6 26 ®
Energy & power | Utilities o O O ® 6 a1 ®
Environmental NOAA? ® ® ® () ~0 con O
Healthcare Hospitals @ ® ® ® 14 82 O
Mass Casualty FEMA? ® ® ® ) ~0 ??? )
Agriculture Farmers ® ® O ® 9 48 O
® Favorable / Needed © Neutral or Unclear O Unfavorable / Not Needed

Revenue Estimate Source: Frost & Sullivan
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Recommended Path to Market

License to WSN-focused chip makers, but consider application-specific venture

Value / Supply Chain (Healthcare Applications)

“R&D” / licensor Component Device / System Healthcare End User
1 2 3
(Harvard) Manufacturers Integrator Provider or Patient

1 Technology licensing

Capitalize on broad range of applications

Candidate licensees: WSN-focused chip makers
(Ember Corp., Crossbow Tech., Freescale
Semiconductor, Millennial Net, Dust Networks)

2 Chip manufacturing venture

Requires major capital investment and
substantial process expertise

Rapidly evolving technology space makes it
unreasonable and risky on this single patent

3 Device/system development

Could either contract out chip manufacture or
integrate OTS components using architecture

Will limit range of application of technology to
selected product space, hence opportunity

Complementary Assets
Low Need | High Need

Strong | Start-Up | License

Weak Open X

Recommendation

M Start wireless device company
to develop a modular platform
based on the technology

M Outsource chip manufacture
B Expand application roadmap



Go-to-Market Strategy

Customer and technology roadmap key to platform-business success

Business Model

» Develop device platform with broad
applicability (like Millennial Net)

» Outsource chip manufacturing, engage
consultative partners for system deployment

« Competitive advantage is better performance
for a given level of system configurability

Pressures
New m Automotive and energy legislation
Sales m Government defense spending

m Energy and transportation costs
Visionaries
m DOD / DARPA
m Researchers
m RFID mfg’s
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Pragmatists
m Homeowners
m Building owners

| Space-bazed |
Applicatiors

|
Home
Cantrol

| Building and
Industrial
Automation

— Tachaslagy Adepticn Lavalk —p

hpplication:

|_ Agriculturs

Miczion _—
crikical I
Applications Y
Proactive
Computing
Deferce A

thedical
| Applicatiors

| Applications

Conservatives

m Healthcare
m Education

Marketing Strategy

1. Start with most visionary
customers, not
necessarily the largest
markets, to establish
platform and brand

2.Use success in niche
applications to transition

Beachhead Customers
m |ndustrial applications
m Automotive

Time

into large volume and
high growth verticals
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