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The final event took place at DARPA's offices in Arlington, VA. Ninety teams registered from
around the world as entrants to the Spectrum Challenge and eighteen teams were selected
to participate as finalists. Academic institutions from around the country comprised 14 of
the 18 teams, with the remaining 4 teams composed of individual radio hobbyists and
practitioners working on their own time. :

We would like to thank all the participants for their hard work and dedication.
Congratulations to all the teams that made it to the finals and a special congratulation to
the teams that won.

More information on the event and winners can be found undei

What is the DARPA Spectrum Challenge?

The DARPA Spectrum Challenge was a competition to demonstrate a radio protocol that
can best use a given communication channel in the presence of other dynamic users and
interfering signals. The Challenge was not focused on developing new radio hardware, but
instead was targeted at finding strategies for guaranteeing successful communication in the
presence of other radios that may have conflicting co-existence objectives. The Spectrum
Challenge entailed head-to-head competitions between each team’s radio protocol and an
opponent’s in a structured testbed environment. The Challenge awarded first place teams
in the preliminary event, and first and second place teams in the final event with cash
prizes totaling $200,000.

Why is DARPA interested in spectrum usage?

Radios are used for a wide range of tasks, from the most mundane to the most critical of
communications, from garage door openers to military operations. As the use of wireless
technology proliferates, radios can often compete with, interfere with, and disrupt the
operations of other radios. DARPA seeks innovative approaches that ensure robust
communications in such congested and contested environments. Other factors that
motivate the need for intelligent use of spectrum include:

» High priority radios in the military and civilian sectors must be able to operate regardless
of the ambient electromagnetic environment, to avoid disruption of communications and
potential loss of life.

* Response operations, such as disaster relief, further motivate the desire for multiple
radio networks to effectively and efficiently share the spectrum without requiring direct
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coordination or spectrum preplanning.
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11/23/2015 Spectrum Challenge Final Event Helps Pave the Way for More Robust, Resilient and Reliable Radio Communications

total of $150,000 in prize money.

“The sophistication of the solutions that the teams developed really impressed us,” saic

DARPA program manager. “The teams showed that radios can learn to coexist and
communicate reliably by autonomously sensing and adapting to congested electromagnetic
environments—paving the way for new spectrum-sharing applications for the Department of Defense
and commercial industry.”

The final event took place at DARPA's offices in Arlington, Va. Eighteen teams had previously
participated in the Spectrum Challenge preliminary event in September 2013. Three teams that
participated in the preliminaries were unable to complete their ambitious designs in time for the final
event. The competitors at the final event represented the top 15 teams out of the 90 teams that initially
registered. Academic institutions from around the country comprised 12 of the 15 teams, while the
remaining three teams were individual radio hobbyists and practitioners working on their own time.

Both the preliminary and final events included two separate tournaments, each with its own goals:

Cooperative tournament: In each match, three teams attempted to effectively share the
spectrum while transmitting random data files from their source radio to their destination radio
over the same 5 MHz UHF band. A team’s match score was its total packets delivered plus the
higher of the two other teams’ delivered packets—thus motivating cooperative behavior. Teams
could not coordinate in advance on how to share the spectrum; instead, they had to develop and
implement algorithms to enable their assigned software-defined radios to dynamically
communicate at a high rate while leaving spectrum available for the other two teams to do the
same. This event tested conditions encountered during military operations involving multiple
units and coalition partners, and also has possible future commercial applications.

Tennessee Tech Telecom, a team from Tennessee Technological University, won the

cooperative tournament and a $50,000 prize. Efficient Spectrum, a team of individuals from
Centreville, Va., came in second and earned a $25,000 prize:

DARPA Spectrum Challenge Final Event, Coopera ..
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Competitive tournament: in each match, two teams sought to dominate the spectrum, with the
winner being the first to transmit all its files of random data (or to successfully transmit the most
packets in three minutes) from a source radio to a destination radio. Teams had to develop and
implement algorithms to enable their assigned software-defined radio to dynamically
communicate at a high rate in the presence of competitors’ signals within the same 5 MHz UHF
band. This event tested conditions directly applicable to military communications, where radios
must deliver high-priority data in congested and often contested electromagnetic environments.
Efficient Spectrum—the runner-up in the cooperative tournament—won the competitive
tournament and added another $50,000 to its earnings. A team from Georgia Tech Research
Institute (GTRI) took home $25,000 as the second-place finisher:

DARPA Spectrum Challenge Final Event, Competi...

As in the preliminaries, DARPA provided all teams with the same radio hardware to ensure that each
team would win or lose based on its software algorithms alone. All the matches again occurred on the
ORBIT testbed at Rutgers University’s WINLAB, which streamed the proceedings live to big screens in
DARPA’s conference center, where contestants as well as representatives from across the government
and industry eagerly watched the event unfold.

“The Spectrum Challenge exceeded expectations for stimulating new technologies and attracting new
talent,” said Dan Kaufman, director of DARPA’s information Innovation Office, which oversaw the
Spectrum Challenge. “As competitors alternately battled over and worked to share the spectrum, it was
easy to see how these advanced capabilities could prove invaluable in a wide range of military and
civilian applications that seek to maximize the value of this precious and finite resource.”

“It was immensely satisfying to see the enthusiasm of the participants and how quickly they grasped
the complexities of operating in dynamic spectrum environments,” Eisenberg said. “We want to
continue to work with industry and academia to build upon the achievements we have seen so far.”

More information about the Spectrum Challenge is available at
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The final event took place at DARPA's offices in Arlington, VA. Ninety teams registered from
around the world as entrants to the Spectrum Challenge and eighteen teams were selected
to participate as finalists. Academic institutions from around the country comprised 14 of
the 18 teams, with the remaining 4 teams composed of individual radio hobbyists and
practitioners working on their own time.

We would like to thank all the participants for their hard work and dedication.
Congratulations to all the teams that made it to the finals and a special congratulation to
the teams that won.

More information on the event and winners can be found unde!

What is the DARPA Spectrum Challenge?

The DARPA Spectrum Challenge was a competition to demonstrate a radio protocol that
can best use a given communication channel in the presence of other dynamic users and
interfering signals. The Challenge was not focused on developing new radio hardware, but
instead was targeted at finding strategies for guaranteeing successful communication in the
presence of other radios that may have conflicting co-existence objectives. The Spectrum
Challenge entailed head-to-head competitions between each team’s radio protocol and an

Why is DARPA interested in spectrum usage?

Radios are used for a wide range of tasks, from the most mundane to the most critical of
communications, from garage door openers to military operations. As the use of wireless
technology proliferates, radios can often compete with, interfere with, and disrupt the
operations of other radios. DARPA seeks innovative approaches that ensure robust
communications in such congested and contested environments. Other factors that
motivate the need for intelligent use of spectrum include:

> High priority radios in the military and civilian sectors must be able to operate
regardless of the ambient electromagnetic environment, to avoid disruption of
communications and potential loss of life.
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radio networks to effectively and efficiently share the spectrum without requiring
direct coordination or spectrum preplanning.
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Spectrum Challenge Final Event Helps Pave the Way for More Robust,
Resilient and Reliable Radio Communications

April 02, 2014

Three teams take home prizes for innovative software techniques designed to enable radios to
automatically sense and adapt fo congested and contested electromagnetic environments

Reliable wireless communications today requires careful allocation of specific portions of the
electromagnetic spectrum to individual radio networks. While pre-allocating spectrum is
effective in benign environments, radios remain vulnerable to inadvertent interference from
other emitters and intentional jamming by adversaries.

On March 19-20, 2014, 15 teams from around the country demonstrated new ways to help
overcome these challenges by participating in the final event of the DARPA Spectrum
Challenge—a national competition to develop advanced radio techniques capable of
communicating in congested and contested electromagnetic environments without direct
coordination or spectrum preplanning. After two intense days of competition, teams from
Tennessee Technological University and Georgia Tech Research Institute and an independent
team of individuals emerged as the overall winners, earning a total of $150,000 in prize
money.

“The sophistication of the solutions that the teams developed really impressed us,” said
Yiftach Eisenberg, DARPA program manager. “The teams showed that radios can learn to
coexist and communicate reliably by autonomously sensing and adapting to congested
electromagnetic environments—paving the way for new spectrum-sharing applications for the
Department of Defense and commercial industry.”

The final event took place at DARPA’s offices in Arlington, Va. Eighteen teams had previously
participated in the Spectrum Challenge preliminary event in September 2013. Three teams
that participated in the preliminaries were unable to complete their ambitious designs in time
for the final event. The competitors at the final event represented the top 15 teams out of the
90 teams that initially registered. Academic institutions from around the country comprised 12
of the 15 teams, while the remaining three teams were individual radio hobbyists and
practitioners working on their own time.

Both the preliminary and final events included two separate tournaments, each with its own
goals: -

o Cooperative tournament: In each match, three teams attempted to effectively share the
spectrum while transmitting random data files from their source radio to their destination

httn://www.darpa.mil/NewsEvents/Releases/2014/04/02.aspx 10/21/2014









2014/04/02 Spectrum Challenge Final Event Helps Pave the Way for More Robust, Resilient and R... Page 4 of 5

!

Images

Click for High-Resolution image

Click for High-Resolution Image

Teams from Tennessee Technological University (Tennessee Tech Telecom, top) and an independent team of individuals from
Centreville, Va., (Efficient Spectrum, bottom) hold ceremonial checks representing the prizes they each won in the cooperative
tournament at the DARPA Spectrum Challenge final event. Presenting the awards are Dr. Yiftach Eisenberg (far right), DARPA
program manager, and DARPA Director Dr. Arati Prabhakar (far left). The Spectrum Chailenge was a DARPA-sponsored
competition designed to encourage development of programmable radios that can deliver high priority transmissions in
congested and contested spectrum environments.
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Spectrum Challenge Preliminary Event Showcases Robust Radio
Techniques

September 19, 2013

Teams from Northeastern University and Vanderbilt University win top honors for designing
programmable radios that can communicate in adverse spectrum environments

Radios are used for a wide range of tasks, from the most mundane to the most critical of
communications, from garage door openers to first responders to military operations. Wireless
devices often inadvertently interfere with and disrupt radio communications, and in battlefield
environments adversaries may intentionally jam friendly communications. To stimulate the
development of radio techniques that can overcome these impediments, DARPA launched its
Spectrum Challenge—a competitive demonstration of robust radio technologies that seek to
communicate reliably in congested and contested electromagnetic environments without direct
coordination or spectrum preplanning.

On September 11-12, 2013, 18 teams from around the country converged on DARPA in
Arlington, Va., to demonstrate their prototype software-defined radios during the contest’s first
live competition. The contestants included the 15 highest-scoring teams and three wildcard
teams (http://www.darpa.mil/NewsEvents/Releases/2013/06/18.aspx) from the 90 teams that initially registered.
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In addition to this preliminary event, the Spectr. . Challenge so g 1s to hold a final event in
March 2014. Both events are multiple-elimination and have each team play at least three
matches. All 18 teams are scheduled to-play both events. The Final Challenge competition is
slated to follow the same structure as the preliminaries but award twice the prize
money—$50,000 per winning team.

Both the preliminary and final events include two separate tournaments, each with its own
goals:

o Competitive tournament: In each match, two teams battled to dominate the spectrum,
with the winner being the first to transmit files of random data (or to successfully transmit
the greatest proportion of the files) from a source radio to a destination radio. Teams
had to evade, jam and/or operate in the presence of competitors’ signals within a defined
5 MHz UHF band. This event tested conditions directly applicable to military
communications, where radios must deliver high-priority data in congested and often
contested electromagnetic environments. MarmotE, a team from Vanderbilt University,
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testbed at Rutgers University’s WINLAB, which streamed the proceedings live to DARPA
where contestants and government personnel watched the event unfold.

To help competitors see how their software compared with other teams’ designs, WINLAB
developed data visualization technology for DARPA that showed the specific radio frequencies
each team used and their progress in transmitting the test file. Based on color-coded
spectrum occupancy patterns projected on large screens in the event hall, watchers could see
how the radios interacted and infer each team’s likely strategies in real time.

Some matches were blowouts, some were close, and others required tie-breakers. In each
match, participating teams sat quietly while the other teams murmured, shouted and even
cheered based on what they saw—an atmosphere similar to sports fans watching a live event.

“The insights the teams gained today should give them their ‘big idea’ for the finals,” Yiftach
Eisenberg, DARPA program manager heading the Spectrum Challenge said. “I expect we’ll
see a massive increase in innovation when many teams come back six months from now with
completely new designs. Those designs hopefully will build off the baseline algorithms and
techniques we saw, and show us for the first time the reasoning and adaptive capabilities
DARPA seeks to deliver.”

“'m impressed with the creativity, enthusiasm, and performance of the teams that we've seen
here today,” said DARPA Director Arati Prabhakar, who attended the final matches of both
tournaments. “Their original contributions hold great promise in this fast-moving field.”

More information about the Spectrum Challenge is available at http://go.usa.gov/bqQW
(http://go.usa.gov/bqQW) .
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Associated images posted on www.darpa.mil (nttp:/www.darpa.mil/) and video posted at
www.youtube.com/darpatv (http://www.youtube.com/darpatv) may be reused according to the terms of
the DARPA User Agreement, available here: http://go.usa.gov/nYr (http://go.usa.gov/nYr) .
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