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THE UAE DRONES
FOR GOOD AWARD

International Competition

1 Million USD

National Competition

1 Million AED

For The Best Use of Drones
To Improve People's Lives

One competition

One purpaose

One drone innovators gathering
One global platform

"We want to reach to people
before they reach us. We want to
save time, to shorten distances,
to increase effectiveness and to
make services easier”

Mohammed bin Rashid Al Maktoum
Vice President and Prime Minister of the UAE and Ruler of Dubai

For more information and to register for the competition, please visit:

www.dronesforgood.ae

¥ @UAEDSG . 7 UAE4GoodAwards
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Jets and rockets will push this car past
1,600 kilometers per hour.
BY STUART NATHAN
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Programmable
LEDs turn a classical
instrumentinto a
video screen.

By Jean Kumagai
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Can't See

Cloud services
can encrypt your
information and still

compute things with it.

By RalucaAda Popa
& Nickolai Zeldovich
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Spanning
Supergrid

We have worldwide
networks for trans-
portation and telecom.
Why not power too?
By Clark W. Gellings
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Smarter Embedded Designs,
The combination of NI LabVIEW system design software and reconfigurable 1/O LabVIEW system design LatWiew
(RIO) hardware helps small design teams with varied expertise develop demanding software offers ultimate

flexibility through FPGA
. programming, simplifies
you can take advantage of the same integrated platform to program embedded code reuse, and helps

embedded applications in less time. Using this graphical system design approach,

processors and FPGAs for faster application development in industries ranging you program the way you

. . . . think—graphically.
from energy to transportation, manufacturing, and life sciences.

>> Accelerate your productivity at ni.com/embedded-platform
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News Resources Opinion Spectrum.iege.org

The Hard Lessons of DARPA’s Dog’s Best Friend The Pursuit of Excellence Video: New Minidrone Cuts

Robotics Challenge Awearable tracker lets you IEEE honors its members and Through the Waves

What we learned from pushing monitor your pet. their achievementsin a gala Parrot’s new hydrofoil robot

23 humanoid robots to their limit. ByEllen Lee ceremony. does double duty as a flying

By Erico Guizzo & Evan Ackerman By Susan Hassler and a sailing drone. It’s fitted

20 Hands On: Turning a Kindle with a detachable plastic and

11 Mandated Medical Tool Fails Into a Bike Computer 04 Back Story Styrofoam hull, complete with
Early Test 22 Careers: Leveraging Sci-Fi 06 Contributors fins that create lift as the drone

12 Old Coal's New Role 23 Geek Life: Makers in China 24 Numbers Don't Lie: picks up speed. Watch it zigzag

14 “Bamboo” Chip Wires 56 And Now This... Obsessed With Innovation back and forth in a rooftop pool:

16 The Big Picture: Buddhas The Picturephone 25 Technically Speaking: See http:/spectrum.ieee.org/
Restored in Light The Language of Data minidrone0815

ADDITIONAL RESOURCES

TechInsider / Webinars The Institute

Available at spectrum.ieee.org/webinar Available on 7 August at theinstitute.ieee.org
Simulating the Installed Performance of Automotive Radars—6 August OPTICALFIBERFOR THE MASSES Tatsuo Izawa of Tokyo’s Nippon
Accelerating the Simulation-Led Design Workflow—13 August Telegraph and Telephone Corp. invented the vapor-phase axial deposition
Fast, On-Demand Jig & Fixture Production With PolyJet method for mass production of optical fiber, paving the way for today’s
—Available On Demand telecommunications networks. His work was recently recognized with an

|IEEE Milestone.
MASTER BOND RESOURCE LIBRARY

http:/spectrum.ieee.org/static/master-bond-resource-library BEING SMART TAKES HEART Emotionalintelligence is a critical factor
NEW PRODUCT RELEASE LIBRARY that sets apart star employees from the rest. Learn how to boost your emotional
http:/spectrum.ieee.org/static/new-product-release-library 1Q and improve your relationships by building self-awareness, navigating social
WHITE PAPERS complexities, and understanding the behavior of those around you.

http:/spectrum.ieee.org/whitepapers

DATA TO IMPROVE LIVES From 25to 28 October, researchers at the
|IEEE International Smart Cities Conference, in Guadalajara, Mexico, will
discuss ways that data and sensor technology can improve manufacturing
efficiency, environmental sustainability, and quality of life.

IEEE SPECTRUM

(ISSN 0018-9235) is published monthly by The Institute of Electrical and Electronics Engineers, Inc. All rights reserved. © 2015 by The Institute of Electrical and Electronics Engineers, Inc., 3 Park Avenue, New York, NY
10016-5997, U.S.A. Volume No. 52, issue No. 8, International edition. The editorial content of IEEE Spectrum magazine does not represent official positions of the IEEE or its organizational units. Canadian Post International
Publications Mail (Canadian Distribution) Sales Agreement No. 40013087. Return undeliverable Canadian addresses to: Circulation Department, [EEE Spectrum, Box 1051, Fort Erie, ON L2ABC7. Cable address: ITRIPLEE.
Fax:+1212419 7570, INTERNET: spectrum@ieee.org. ANNUAL SUBSCRIPTIONS: IEEE Members: $21.40 included in dues. Libraries/institutions: $399. POSTMASTER: Please send address changes to IEEE Spectrum,
c/o0 Coding Department, IEEE Service Center, 445 Hoes Lane, Box 133 1, Piscataway, NJ 08855. Periodicals postage paid at New York, NY, and additional mailing offices. Canadian GST # 125634188, Printed at 120 Donnelley Dr.,
Glasgow, KY 42141-1060, U.S.A. IEEE Spectrum circulation is audited by BPAWorldwide. IEEE Spectrumis amember of the Association of Business Information & Media Companies, the Association of Magazine Media, and
Association Media & Publishing. IEEE prohibits discrimination, harassment, and bullying. For more information, visit http:/www.ieee.org/web/aboutus/whatis/policies/p9-26.html.

FROM LEFT: DARPA/AP PHOTO; WHISTLE LABS; KRISTEN CLARK

SPECTRUM.IEEE.ORG | IMTERHATIOHAL | AUG 2015 | 03

*

!Ii Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page ;“c‘zﬁags

THE WORLD'S NEWSSTAND®.



http://www.qmags.com/clickthrough.asp?url=http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html&id=19491&adid=P3E8
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org/whitepapers&id=19491&adid=P3E7
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org/static/new-product-release-library&id=19491&adid=P3E6
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org/static/master-bond-resource-library&id=19491&adid=P3E5
http://www.qmags.com/clickthrough.asp?url=http://theinstitute.ieee.org&id=19491&adid=P3E4
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org/webinar&id=19491&adid=P3E3
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org/minidrone0815&id=19491&adid=P3E2
http://www.qmags.com/clickthrough.asp?url=http://Spectrum.ieee.org&id=19491&adid=P3E1
mailto:spectrum@ieee.org
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=P3E9
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo

1 IEEE

| SPECTRU

1 IEEE

| SPECTRU

What Goes Around

NTIL THIS PAST JUNE, Sheldon Hochheiser was happily employed
as the archivist and institutional historian at the IEEE History
Center. “I had every intention of finishing my career here,” he
says. “There was only one job that would’ve made me leave.”
That one job was at the AT&T Archives and History Center,
in Warren, N.J., where Hochheiser had previously worked for
16 years. The facility houses the largest corporate archives in
the United States and one of the largest in the world. “It’s an
extraordinary collection,” says Hochheiser. “There are 8 to 9 shelf-miles
of documents, 600,000 photographs, 20,000 films and videos, and
10,000 artifacts, going all the way back to Alexander Graham Bell’s
original patents.”

After leaving AT&T in 2004, Hochheiser, who holds a Ph.D. in the history
of science from the University of Wisconsin-Madison, continued to write
and speak about AT&T history. Remarkably, though AT&T went through
many rounds of cost cutting and downsizing in the early 2000s, the
archives endured. The archives’ staff, however, shrank from a peak of eight
to just one person. For years, that person was George Kupczak. Several
months ago, when Kupczak decided to retire, Hochheiser was asked to
replace him and reclaim his former title as AT&T’s corporate historian.

In this issue, Hochheiser describes a much-heralded but ultimately
unsuccessful AT&T product: the Picturephone. In the photo above,
taken by Kupczak, Hochheiser is shown with a version of the device
belonging to the archives.

“Iwas there for 16 years, and I was always discovering new things,
because the collection is so big,” Hochheiser says. “It’s going to be a lot
of fun to do that again.”

CITING ARTICLES IN IEEE SPECTRUM /EEE Spectrum publishes an international and a North American edition, as
indicated at the bottom of each page. Both have the same editorial content, but because of differences in advertising, page
numbers may differ. In citations, you should include the issue designation. For example, And Now This... is in [EEE Spectrum
Vol. 52, no. 8 (INT), August 2015, p. 56, or in IEEE Spectrum,Vol. 52, no. 8 (NA), August 2015, p. 64

04 | AUG 2015 | IMTERHATIOHAL | SPECTRUM.IEEE.ORG

IEEE

Previous Page | Contents | Zoom'in"|"Zoom out | Front Cover | Search lssue | Next' Page i‘.‘;a

THE WORLD'S NEWSSTAND®

SPECTRUM

EDITORIN CHIEF

Susan Hassler, s.hassler@ieee.org

EXECUTIVE EDITOR

Glenn Zorpette, g.zorpette@ieee.org

EDITORIALDIRECTOR, DIGITAL

Harry Goldstein, h.goldstein@

MANAGING EDITOR

ieee.org

Elizabeth A. Bretz, e.bretz@ieee.org

SENIORARTDIRECTOR

Mark Montgomery, m.montgomery@ieee.org

SENIOREDITORS

Stephen Cass (Resources), cass.s@ieee.org
Erico Guizzo (Digital), e.guizzo@ieee.org

Jean Kumagai, j.kumagai@iee

e.org

Samuel K. Moore (News), s.k.moore@ieee.org
Tekla S. Perry, t.perry@ieee.org

Philip E. Ross, p.ross@ieee.org

David Schneider, d.a.schneider@ieee.org

DEPUTY ART DIRECTOR Brand
PHOTOGRAPHY DIRECTOR Ral
ASSOCIATE ART DIRECTOR Eri

SENIORASSOCIATE EDITORS

on Palacio, b.palacio@ieee.org
ndi Klett, randi.klett@ieee.org
k Vrielink, e.vrielink@ieee.org

Rachel Courtland, r.courtland@ieee.org
Eliza Strickland, e.strickland@ieee.org

ASSOCIATE EDITOR

Celia Gorman (Multimedia), celia.gorman@ieee.org
ASSISTANTEDITOR Willie D. Jones, w.jones@ieee.org

SENIOR COPY EDITOR Joseph
COPYEDITOR Michele Kogon,
EDITORIAL RESEARCHER Alan

ADMINISTRATIVE ASSISTANTS

N. Levine, j.levine@ieee.org

m.kogon@ieee.org
Gardner, a.gardner@ieee.org

Ramona L. Foster, r.foster@ieee.org
Nancy T. Hantman, n.hantman@ieee.org
INTERNS Kristen Clark (Video); Lauren Young

CONTRIBUTING EDITORS

Evan Ackerman, Mark Anderson, John Blau, Robert N.
Charette, Peter Fairley, Tam Harbert, Mark Harris, David
Kushner, Robert W. Lucky, Paul McFedries, Prachi Patel,

Richard Stevenson, Lawrence

Ulrich, Paul Wallich

DIRECTOR, PERIODICALS PRODUCTION SERVICES Peter Tuohy
EDITORIAL & WEB PRODUCTION MANAGER Roy Carubia
SENIOR ELECTRONIC LAYOUT SPECIALIST Bonnie Nani

SPECTRUM ONLINE

PRODUCT MANAGER, DIGITAL Shannan Brown
WEB PRODUCTION COORDINATOR Jacqueline L. Parker
MULTIMEDIA PRODUCTION SPECIALIST Michael Spector

EDITORIALADVISORY BOARD

Susan Hassler, Chair; Gerard A. Alphonse, Jason Cong*,
Sudhir Dixit, Limor Fried, Robert Hebner, Joseph J. Helble,

Chenming Hu*, Grant Jacoby,

Norberto Lerendegui, John P.

Lewis, Steve Mann, Jacob @stergaard, Umit Ozguner, Thrasos
Pappas, John Rogers, Jonathan Rothberg, Umar Saif, Takao
Someya, Jeffrey M. Voas, Kazuo Yano, Larry Zhang*, Yu Zheng,

Kun Zhou, Edward Zyszkowski
* Chinese-language edition

EDITORIAL / ADVERTISING CORRESPONDENCE

|IEEE Spectrum

3 Park Ave., 17th Floor

New York, NY 10016-56997
EDITORIAL DEPARTMENT

TEL:+12124197555 FAX:+12124197570
BUREAU Palo Alto, Calif,; Tekla S. Perry +1 650 752 6661
ADVERTISING DEPARTMENT +1 212 705 8939

RESPONSIBILITY FOR THE SUB!

STANCE OF ARTICLES rests upon

the authors, not IEEE, its organizational units, or its members.
Avrticles do not represent official positions of IEEE. Reader

comments will be posted onlin

e, or published in print as space

allows, and may be excerpted for publication. The publisher
reserves the right to reject any advertising.

REPRINT PERMISSION / LIBRARI

IES Articles may be photocopied for

private use of patrons. A per-copy fee must be paid to the Copyright
Clearance Center, 29 Congress St., Salem, MA01970. For other
copying or republication, contact Business Manager, IEEE Spectrum.

COPYRIGHTS AND TRADEMARKS /EEE Spectrum is a registered
trademark owned by The Institute of Electrical and Electronics
Engineers Inc. Careers, EEs’ Tools & Toys, EV Watch, Progress,
Reflections, Spectral Lines, and Technically Speaking are

trademarks of IEEE.

Previous Page | Contents | Zoom'in"|"Zoom out"| Front Cover | Search'lssue | Next'Page i‘.‘;

PHOTOGRAPH BY George Kupczak

ags

THE WORLD'S NEWSSTAND®.


mailto:s.hassler@ieee.org
mailto:g.zorpette@ieee.org
mailto:h.goldstein@ieee.org
mailto:e.bretz@ieee.org
mailto:m.montgomery@ieee.org
mailto:cass.s@ieee.org
mailto:e.guizzo@ieee.org
mailto:j.kumagai@ieee.org
mailto:s.k.moore@ieee.org
mailto:t.perry@ieee.org
mailto:p.ross@ieee.org
mailto:d.a.schneider@ieee.org
mailto:b.palacio@ieee.org
mailto:randi.klett@ieee.org
mailto:e.vrielink@ieee.org
mailto:r.courtland@ieee.org
mailto:e.strickland@ieee.org
mailto:celia.gorman@ieee.org
mailto:w.jones@ieee.org
mailto:j.levine@ieee.org
mailto:m.kogon@ieee.org
mailto:a.gardner@ieee.org
mailto:r.foster@ieee.org
mailto:n.hantman@ieee.org
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=P4E1
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo

I |EEE

| SPECTRU

FROM MODEL

COMSOL
MULTIPHYSICS®

o Batiney - [ Bkl b
i Mesh1 -

rn Gosmavy Lot

Prabe Ml & Comvergencs Mot Fier
A oEas

e Graph: Flartrohs Tat Concentratio imabm')

Wbt ey Hpaenc i ruph - COMECL Mgyt

= Compain - [ W

ackd

* dyuaien

)

T
Line Graph Elecrugte Patencal V)

Wisklage  Frogren

Sty 1, brogueey L, b

1 e b -t o2y
2 biem By boptgey

Verify and Optimize your Designs with

COMSOL Multiphysics®

NOW FEATURING APPLICATION BUILDER & COMSOL SERVER™

Product Suite

> COMSOL Multiphysics®
> COMSOL Server™

ELECTRICAL
> AC/DC Module

> RF Module

> Wave Optics Module

> Ray Optics Module

> MEMS Module

> Plasma Module

> Semiconductor Module

MECHANICAL

> Heat Transfer Module

> Structural Mechanics Module

> Nonlinear Structural Materials
Module

> Geomechanics Module

> Fatigue Module

> Multibody Dynamics Module
> Acoustics Module

FLUID

> CFD Module

> Mixer Module

> Microfluidics Module

> Subsurface Flow Module
> Pipe Flow Module

> Molecular Flow Module

CHEMICAL
> Chemical Reaction
Engineering Module
> Batteries & Fuel Cells
Module
> Electrodeposition Module
> Corrosion Module
> Electrochemistry Module

MULTIPURPOSE

> Optimization Module

> Material Library

> Particle Tracing Module

© Copyright 2015 COMSOL. COMSOL, COMSOL Multiphysics, Capture the Concept, COMSOL Desktop, COMSOL Server, and LiveLink are either registered trademarks or trademarks
of COMSOL AB. All other trademarks are the property of their respective owners, and COMSOL AB and its subsidiaries and products are not affiliated with, endorsed by, sponsored by,

or supported by those trademark owners. For a list of such trademark owners, see www.comsol.com/trademarks
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Raluca Ada Popa

Popa and her former MIT thesis advisor, Nickolai
Zeldovich, are working to protect people’s online
privacy. In “How to Compute With Data You Can’t
See” [p. 38], they write about some of the approach-
esthey've pioneered, including a system for en-
crypting Web applications. Called Mylar, the system
takes its name from the aluminized reflective mate-
rial used to shield spacecraft. “We want Mylar to also
be a protective layer,” says Popa, who recently joined
the faculty of the University of California, Berkeley.

Glark W. Gellings

Gellingsis a Fellow at the Electric Power Research
Institute and an IEEE Life Fellow. Inthis issue, he
discusses why building a global power grid makes
sense [p. 44]. This s his second article for [EEE
Spectrum. His first, published in 1981, introduced the
idea of demand-side management—a now common
smart-grid practice that allows electricity customers
to manage their own usage. “People thought it was
heretical, but the idea eventually took hold,” Gellings
says. “l hope that happens with this article, too.”

EllenLes

Leeis a business and technology journalist based
inthe San Francisco Bay Area. This issue includes
her second article in a series looking at wearable
devices that are finding their way into different
facets of daily life [p. 19]. While Lee says she loves
discovering the innovation in wearables, she
does “worry about how the data collected will be
used and monitored. What happens if my entire
life can be tracked through the various wearables
I've worn?”

Stuart Nathan

Nathan, the features editor of The Engineer,
published in London, is an aficionado of motor
sports. He last wrote for Spectrumin 2013, when
he covered Formula E, the all-electric racing series.
Inthis issue he visits the team behind Bloodhound,
a “missile on wheels” that Nathan sawin only a
half-built state [p. 26]. Later this year its driver will
test the car on atrack in South Africa; in 2016, he
will try to beat the world land-speed record of
1,228 kilometers per hour (763 miles per hour).

Vaclav smil

Smil, a distinguished professor emeritus at the
University of Manitoba, in Canada, has published
nearly a book a year for 40 years. Known for his
contrarian outlook and interdisciplinary approach, he
writes about energy, globalization, technology, even
the eating of meat. Bill Gates calls Smil his favorite
author. Since the start of this year, Smil has been
writing our “Numbers Don't Lie” column, which this
month asks why people chase after wild ideas while
ignoring proven ones [p. 24].
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Make the Connection

Find the simple way through complex EM
systems with CST STUDIO SUITE

Components don’t exist in elec- If you’re more interested in filters,
tromagnetic isolation. They influ- couplers, planar and multilayer struc-
ence their neighbors’ performance. tures, we've a wide variety of worked
They are affected by the enclosure application examples live on our
or structure around them. They are website at

susceptible to outside influences.
With System Assembly and Modeling, Get the big picture of what’s really
CST STUDIO SUITE helps optimize going on. Ensure your product and
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%S

component and system performance.  components perform in the toughest
of environments.

Involved in antenna development? You

can read about how CST technology Choose CST STUDIO SUITE - CST

is used to simulate antenna perfor- Complete Technology for 3D EM.

mance at
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Because of her work on graphite and
carbon-based materials, she is known
as the “queen of carbon.” The field of
carbon electronics was born out of her
persistent—and one has to imagine,
sometimes lonely—efforts. Dresselhaus
has been a tireless advocate for women
in engineering and science and a men-
tor to myriad students. And she’s a na-
tive New Yorker to boot! (Full disclosure:
Soaml.)

IEEE Spectrum presented awards
to two important young companies
we’ve covered: Daktari Diagnostics and
03b Networks. O3b stands for “other
3 billion,” those people who have no
access—yet—to the Internet.

Daktari received our Technology in the
Service of Society Award, given to cele-
brate a technology that will greatly ben-
efit the social good. Daktari is developing
a series of simple and portable “lab in a
backpack?” kits to help address some of
the world’s most difficult health prob-

00D AWARDS CEREMONIES have certain elementsin common: lems—like HIV, hepatitis C, and sickle-cell anemia—
They evoke in us a sense of history, of amazement—who are  inthose areas with the fewest health care resources.
these dazzling people and how did they get that way?—and of = Daktari principal scientist Martina Medkova, ac-
pleasure at being able to share their accomplishments, even if — cepting the award, said that her long days in the lab
only for a brief moment. The IEEE Honors Ceremony, held at were made worthwhile knowing how much impact
the world-famous Waldorf Astoria hotel in New York City this  the kits will have.
past June, had all these elements, along with a good deal of fun. 03b received our Emerging Technology Award,
The ceremony’s clever conceit was that one of Thomas Edison’s ~ for the technology with the potential for the great-
assistants had somehow crossed the space-time continuum to reveal est commercial return and broad commercial
that an IEEE precursor organization, the American Institute of Electrical ~ impact. The company is building out a medium-
Engineers, had held a famous dinner at the hotel in 1902. Many turn-of- Earth-orbit satellite constellation that provides
the-century electrotech stars attended that fete celebrating Guglielmo  instantaneous high-volume, low-latency data ac-
Marconi and his successful shortwave radio transmission of the Morse  cess to any place in the world. Accepting for O3b,
code for S, of which then-AIEE president George Steinmetz remarked, CTO Stewart Sanders pointed out that he and his
“Instead of sending messages across the seas by cables, he has succeeded  colleagues also felt that what was paramount was
in sending them across empty space through the luminiferous ether.” the impact the technology is having on people’s
Professional scientific and technical societies were on the rise in the  lives and on entire nations. It gives users Internet
late 19th and early 20th centuries, and electrical and communications  access—via satellite—to health care, education, busi-
geniuses like Edison, Alexander Graham Bell, and Marconi were the  ness opportunities, and social networking, access
Silicon Valley titans of their day. They were known for their spiritand not previously available.
drive, their passion and intelligence. It’s clear that engineers and technologists like these
The same was apparent at this year’s honors ceremony. IEEE gave  deserve the red carpet treatment as much if not more
23 recognitions for a wide range of brilliant discoveries and innova- than any collection of Hollywood stars. Congratula-
tions. Notable among the recipients was Mildred Dresselhaus [above], tions and thank you to all the award recipients for
who received IEEE’s highest award, the Medal of Honor. She is the first  your difficult, risk-taking, pioneering work and out-
woman to do so. standing achievements. —~SUSAN HASSLER

ThePursuitorexcellence

The 2015 IEEE Honors Ceremony is awinner

IEEE
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A4 MINUTES, 28 SECONDS:
WINNING TIME FOR THE DARPA
ROBOTICS CHALLENGE

In what must be the biggest
public display of robot adoration
and empathy ever witnessed, thousands
cheered as the team from the Korea
Advanced Institute of Science and Tech-
nology (KAIST) won the DARPA Robotics
Challenge (DRC) in Pomona, Calif., on
6 June. Its robot, an adaptable humanoid
called DRC-Hubo, beat out 22 other bots
from six countries in a two-day competi-
tion organized with the aim of advancing
the field of disaster robotics. The team
from KAIST, which is in Daejeon, South
Korea, walked away from the competi-
tion with the US $2 million grand prize.
DRC-Hubo’s ability to switch from
walking bipedally to rolling on wheels
gave it a distinct advantage. Many bipedal
bots had spectacular and sometimes
comical falls while trying to perform
tasks such as opening a door or operat-
inga drill. But DRC-Hubo’s unique “trans-
former” design allowed it to perform
tasks faster and, perhaps more impor-
tant, to stay on its feet—and wheels.
DRC-Hubo prevailed over the other
robots because it finished the compe-
tition’s eight tasks with time to spare:
steering a utility vehicle through an
obstacle course, getting out of the vehi-
cle (which is more challenging than you
might think), turning a handle and open-
ing a door (simple for us, but hard for a
robot), opening a rotating valve, using
a battery-powered tool to cut a hole in
apiece of drywall, inserting a pluginto a
wall socket, overcoming rough terrain »

THE HARD LESSONS
OF DARPA'S ROBOTICS
CHALLENGE

What we learned from pushing
23 humanoid robots to their limit

HUBO THE HERO: DRC-Hubo, run by the Korea
Advanced Institute of Science and Technology,
can skate on wheels when it kneels.

DARPA/AP PHOTO
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or clearing debris, and climb-

ing a short flight of stairs.
Now that the DRC is over,

what have we learned?

—ERICO GUIZZO

& EVAN ACKERMAN

SOFTWARE IS A HARD
PROBLEM

At an event like the DARPA
Robotics Challenge Finals,
it’s easy to focus on the
hardware because it’s the
part we can see. But some-
thing just as important was
going on in the garages
hundreds of meters away.
That’s where the operators
(“robot drivers”) received
data from the robots’ sen-
sors, interpreted it, and
told the machines what
to do, because the drivers
were not allowed to watch
the robots directly during
the competition.

One of DARPA’s main goals
with the challenge was to gen-
erate significant improve-
ments in the ability of robots
and their human operators to
work in concert to perform
difficult tasks, but we felt
that the DRC tasks could have
been—and perhaps should
have been—even more chal-
lenging. For example, in the
task requiring the robot to
navigate over a pile of rubble,
we wanted to see teams push
a “go over rubble” button that
would make the robot scan
the terrain, compute a viable
path, and then traverse the
obstacles without any further
assistance. Granted, auton-
omy is a difficult hurdle to
scale, but it’s key to the future
of disaster-response robots
because relatively untrained
users will need to be able to

CHALLENGERS AND CHALLENGES: Team IHMC Robotics’
humanoid [left] made it over some rubble. TRACLabs’ humanoid
fell getting out of a vehicle [top]. Teams were not allowed to see

their robots directly [top right]. CHIMP [bottom right] was the
only bot to pick itself up after a fall. The next challenge will center
around sending arobot like Valkyrie [bottom] into space.

interact with this hardware.
And that means letting the
robot (or more accurately, the
software) deal with as many
complex tasks as possible on
its own.

RIGHT NOW, NOT
WALKING IS A BIG
ADVANTAGE

Of the top three robotsin the
DRCFinals, third place went to
arobot that rolled on tracks,
second place went to a walking
biped, and first place went to
abiped equipped with wheels
that it could use instead of
walking. During two days of
watching robots fall over, we
were most impressed by the
ones that had the option to
avoid walking.

“Bipedal walking [for
robots] is not very stable
yet,” Jun-Ho Oh, a professor
of mechanical engineering
who led the KAIST team, told
IEEE Spectrum. “One single

thing goes wrong, [and] the
result is catastrophic.”

It’simportant to note thatin
areal disaster area, wheeled
mobility may be close to use-
less. So despite how well the
wheeled designs did at the
DRC, it shouldn’t minimize
the future potential and
value of bipedal walking. As
roboticists from the Institute
for Human & Machine Cogni-
tion, in Pensacola, Fla., pointed
out during a postcompetition
workshop, bipedal walkinglets
you move across areas where
you only have a footstep-size
safe place to move, and, unless
you can fly, no other mobility
design does that.

FALLING IS USUALLY
OKAY...

From what we could tell,
none of the teams expected
their robots to survive fall-
ing as well as they did. To be
honest, we were expecting

shattered limbs and geysers
of hydraulic fluid across the
course. But with a few excep-
tions, the hardware stood up
very well. Or rather, the hard-
ware was stood up by ateam
of humans after it fell.

Take, for example, MIT’s
Atlas robot. It fell while get-
ting out of the vehicle on the
first day and broke its right
arm. Still, after a quick tweak
to the robot’s software, it was
able to perform the remain-
ing tasks with only its left
arm. An all-night repair
session restored use of the
damaged limb for the second
day’s tasks.

It was a bit disappointing
that only one of the robots
that fell over, Carnegie Mellon
University’s CHIMP, managed
to get back up again on its
own. In fact, CMU’s CHIMP
was the only robot that even
attempted to right itself.
Though it’s understandable
that the teams didn’t want
to overengineer their robots,
falling happens—even to us
humans—and we’re much
better at walking than robots
are. Iflegged robots are ever
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going to be truly effective,
falling and getting up is some-
thing that they’re absolutely
going to have to crack.

There were a few unlucky
robots that hit the ground
hard and couldn’t recover.
The most disastrous fall of
the competition was the
tumble taken by TRACLabs’
Atlas robot on day two, right
after it exited the vehicle it
had driven through an obsta-
cle course. On impact, there
was a 2-meter-long spray of
hydraulic fluid, and the robot
lay there “bleeding” in a pud-
dle of green goo until it was
hoisted up and hauled away.

You never know what arobot
is going to encounter as it tra-
verses the scene of a disaster.
But as things stand now, even
tiny changes in an area’s lay-
out, or small errors in pro-
gramming or commands,
can lead to catastrophic fail-
ures. This is why robots are
notready for real-world disas-
ters and won’t be for quite
some time.

The robots that competed
in the DRC finals are more
versatile and adaptable than
any we’ve seen before. How-
ever, it’s worth noting that the
teams were given the choice of
having the robot clear a path
through debris or maneu-
ver over uneven terrain: No
legged-robot team chose
the debris clearing and no
wheeled-robot team tried
to tackle the terrain. Teams
understandably took the easi-

Previous Page | Contents | Zoom'in"|"Zoom out | Front Cover | Search lssue | Next' Page

est course open to them, but
inareal disaster area, a robot
would likely have to deal with
both rough terrain and debris.
That’s one downside of a com-
petition of this type: It fosters
a focus on mastering specific
skills as opposed to developing
the most capable and versatile
robot—and those two things
aren’t always the same.

DARPA’s goal with this com-
petition was not to present a
robotic platform that could
immediately be deployed
into disaster areas. DARPA
is all about high-risk, high-
reward, long-term techno-
logical pushes, and that’s
the context in which the DRC
should be considered.

About 10 years ago, DARPA
held a Grand Challenge and an
Urban Challenge for autono-
mous vehicles. They were
successful, with a handful of
self-driving cars and trucks
completing the courses.
Today, we’re just starting to
see autonomous-vehicle tech-
nology reach the cusp of main-
stream adoption. So when we
have real disaster-response
robotsin 5 or 10 years, we can
thank the DRC for starting it all.

It’s not likely that we’ll see
another humanoid challenge
of the same magnitude as
the DRC for some time, but
there are still things to look
forward to: This year, NASA
will hand over several of its
Valkyrie humanoid robots to
university teams in prepara-
tion for a robotics challenge
intended to explore the pos-
sibility of sending humanoid
robots into space and, even-
tually, to Mars.
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GOMPUTERIZED
DIAGNOSTIG
AIDS FAILIN
EARLY TEST

Tools for doctors get poor grades
two years ahead of mandatory
U.S. rollout

In just two years, computerized systems

that help physicians choose diagnostic imag-
ing tests will be mandatory for most elderly patients
in the United States. But these decision-support
systems fail two-thirds of the time, according to a
new study published in June in The Journal of the
American Medical Association. The study was the larg-
est of its kind, involving more than 3,300 clinicians
in eight different states and over 117,000 orders for
advanced diagnostic imaging.

Use of advanced imaging such as X-ray computed
tomography (CT) and magnetic resonance imaging
(MRI) increased dramatically from 2000 to 2010, rais-
ing concerns about unnecessary costs and—in the
case of CT-radiation exposure to patients. Making
adecision about whether or not to order an imaging
test is “really complex, and more and more physi-
cians are expected to have command over an enor-
mous volume of information,” says Peter Hussey, a
senior policy researcher at the Rand Corp. and the
lead author of the study.

Computerized clinical decision-support (CDS)
systems—software packages that help physicians
choose diagnostic tests or next steps in treatment—
are meant to help. The clinician enters information
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about the patient and the ailment, or
reasons for ordering an exam. Based
on a database of clinical scenarios, algo-
rithms come up with a score for how
appropriate certain diagnostic tests
would be.

At the heart of CDS systems are data-
bases of “appropriateness criteria.”
These are ratings for various tests that
clinicians can order based on sets of
clinical scenarios. The criteria have
been developed and vetted by national
medical specialty societies such as the
American College of Radiology (ACR).

But according to the Rand research-
ers, many CDS systems that use the lead-
ing appropriateness criteria don’t do
their job most of the time. Clinicians
participating in the study ordered
117,348 diagnostic tests such as CTs and
MRIs, and about two-thirds of the time
the decision-support program could not
rate the appropriateness of the order: It
found no match between the patient’s
situation and a clinical guideline. “Basi-
cally it says, ‘I don’t have a guideline
for you. I can’t help you,” ” says Hussey.

That’s a problem, because the Pro-
tecting Access to Medicare Act of 2014
says that starting in 2017, CDS systems
must guide diagnostic imaging orders
for Medicare patients. Medicare is the
U.S. government health insurance for
those age 65 and older. If CDS systems
fail to provide feedback, the software
might not only become a nuisance for
clinicians, it might delay patient care.

The CDS researchers say the systems’
shortcomings likely originate from
two sources. First, the reference data-
bases are far from complete: “There are
lots of different kinds of patients with
different problems, and the criteria
just haven’t been created for some of
those,” says Hussey. Second, the soft-
ware may not have been able to match
the wording used by the clinicians with
the wording used in the appropriate-
ness criteria, in part because the CDS
systems in the study were not well inte-
grated with electronic health records.

12 | AUG 2015 | IHTERHATIOHAL |

“These seem like solvable problems,
but we need to get working on this
pretty quickly, because this is going
to be mandatory in a couple of years,”
says Hussey. The CDS systems used
in the study were developed by vari-
ous unnamed vendors and uniformly
programmed with the same guidelines,
most of which came from the ACR.

Some groups say they’ve developed
software that avoids the pitfalls of those
systems used in the Rand study. National
Decision Support Co., in Andover, Mass.,
offers a system that uses the ACR’s appro-
priateness criteria but contains twice the
number of reasons for ordering exams,
says Bob Cooke, vice president of mar-
keting and strategy at National Decision
Support. The additional criteria cover
inappropriate reasons that clinicians
might want to order an exam, so that
matches are found for those scenarios
too, he says.

The algorithms for CDS software are
fairly simple, says Cooke. The hard part
is refining and reviewing the criteria,
continuously adapting the software as
medicine changes, customizing the sys-
tem to the varying practices in different
regions, and making it work within phy-
sicians’ existing computer workflow.

A complex algorithm could theoreti-
cally be created to bridge some of the
gapsin clinical guidelines, but that’s a
solution for the distant future, Cooke
says. It also makes some physicians
uncomfortable. “What you would be
doing is taking the work of devising
the appropriateness criteria out of the
hands of the professional societies,”
which arrive at criteria through consen-
sus, says Daniel Rosenthal, vice chair-
man of radiology at Massachusetts
General Hospital, in Boston. There are
many scenarios for which there is not
enough evidence for a consensus, and
those shouldn’t—-at this point—be left
to a computer, he says.

The Rand study wasn’t all bad news.
Among the orders in which the program
was able to offer feedback, there was
a small increase in those rated appro-
priate from the beginning of the study
to the end. In other words, clinicians
got better at making appropriate diag-
nostic decisions over the course of the
study. That finding is in line with those
of a number of other studies on CDS,
including randomized, controlled tri-
als, says David Blumenthal, president of
the Commonwealth Fund in New York
City and former national coordinator for
health information technology at the
U.S. Department of Health and Human
Services. The Rand study “may say more
about the adequacy of the software used
than it does about the inherent value of
CDS,” he says. —EMILY WALTZ
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OLD GOALS
NEW ROLE

Repurposed generators
prop up grid voltage for
regionsrichinrenewables

Environmentalregulations

and competition from gas-

fired turbines and renew-

able energy sources are
shutting down dozens of older coal-fired
power plants across North America and
Europe. But some of these aging plants’
induction generators will go on spin-
ning for years after their furnaces and
turbines are scrapped. That’s because
operators need new ways to stabilize
grids deprived of big power plants, and
huge, free-spinning generators synced
to a grid’s AC frequency—synchronous
condensers—are becoming an increas-
ingly popular option.

The most recent such conversion is
under way at the 62-year-old Eastlake coal-
fired power plant near Cleveland. Here,
Akron, Ohio-based utility FirstEnergy
has repurposed three large generators
and has two more conversions in process,
due to start operating by June 2016. Sev-
eral other conversions have recently been
completed in California and Germany, and
newly built synchronous condensers are
now appearing on power grids, too.

Synchronous condensers are dynamic
controllers of reactive power—AC whose
current wave leads or lags the voltage
wave and whose presence determines
local grid voltage. Adding current to the
spinning condenser’s coils produces reac-
tive power—measured in volt-amperes
reactive, or VARs—and boosts grid volt-
age. Reduce the current and the machine
absorbs VARs, depressing voltage.

Extrareactive power is often required
in areas that are losing their large power
plants, because millions of VARs are
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needed locally to boost the voltage of
power transmitted from distant plants.
Eastlake’s synchronous converters were
ordered after FirstEnergy announced
plans to shutter 2,285 megawatts of coal-
fired capacity—21 percent of the region’s
power supply—starting in 2012.

Repurposing old power-plant genera-
tors is part of a larger comeback story
for a technology that seemed doomed
with the advent of solid-state control-
lers in the 1970s. Thyristor-based static
VAR compensators (SVCs) quickly con-
quered the market for dynamic voltage
support because they produced VARs
more cheaply and efficiently than syn-
chronous condensers.

Their predecessors started making a
comeback a decade ago, however, thanks
to faster control systems and a grow-
ing recognition that spinning machines
offered some crucial advantages over
electronics. Those pros stem from a spin-
ning rotor’s mechanical and electromag-
netic inertia, which make the machines
more tolerant of grid disturbances.

Severe voltage drops, for example, hob-
ble SVCs, whose reactive power output
drops at double the rate of line voltage.
In contrast, a synchronous condenser’s
spinning rotor keeps on pumping out
reactive power. It will also generate real

A NEW LIFE: Electricians work to turna
generator into a synchronous condenser.
This conversion, at a decades-old coal
plantin Ohio, is likely one of many to come.

power if needed, moderating the drop in
AC frequency that would result, say, from
shutting down a power plant.

And the condenser’s output can
briefly handle several times its rated
capacity for tens of seconds as its metal
components heat up temporarily—
behavior that is not possible for devices
relying on comparatively fragile sili-
con switches. “Because they’re iron
and copper, they have a lot of overload
capability. You can’t overload silicon
significantly,” says Nicholas Miller, a
power systems expert with GE Energy
Consulting, in Schenectady, N.Y.

New synchronous condensers remain
10 to 20 percent more costly per VAR of
reactive power capacity than an SVC, say
utility planners. But converting a well-
maintained generator can be quicker
and cheaper.

Speed was a critical factor in the Cali-
fornia Independent System Operator’s
decision to order a condenser conver-
sion, though in a gas-fired plant instead
of a coal plant, following the shuttering
in 2012 of the San Onofre nuclear power
plant. Without the 2,200-MW plant,

located between Los Angeles and
San Diego, voltage control weak-
ened allacross Southern California.
“The potential for rolling blackouts
inthe L.A. basin was seen asa very
high risk,” says Chris Davidson,
an electrical solutions business-
development director for Siemens,
which did the conversion.

Seeing what the converted con-
densers could do, meanwhile,
inspired San Diego Gas & Elec-
tric Co. to start one of the largest
deployments of new synchronous
condensers. The utility expected
to start spinning its first two con-
densers last month and plans to
install five more in 2017.

And many more condensers
are likely in the United States because of
accelerating coal plant shutdowns. The
U.S. Energy Information Agency projects
that existing pollution regulations and
new carbon limits could shutter about
30 percent of U.S. coal power capacity
by 2020. That will leave many genera-
tors available for conversion to stabilize
future power grids carrying much higher
levels of wind and solar power.

Studies directed by GE’s Miller for the
U.S. National Renewable Energy Lab show
that converted condensers could serveasa
bulwark against blackouts on future grids.
Though the electronic inverters built into
renewable power plants can help manage
grid stability far more than is appreciated
today, they lack the inertia that can help
get a grid through a major fault.

Miller notes, however, that synchronous
condensers aren’t the only potential solu-
tion. For example, gas-fired power plants
can now be equipped with clutches that
decouple their turbines from their genera-
tors, allowing the generator to temporar-
ily serve as a condenser.

Another wild card to watch, says Miller,
iswind power. “You can suck some of the
energy out of that rotating mass tempo-
rarily and give it to the grid,” says Miller.

May the smartest spinners win.

—PETER FAIRLEY
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BAMBOO-LIKE GRYSTALS
HELP TINY GHIP WIRES
KEEP SHRINKING

Segmented structure could help electrons flow

in future chips

When it comes to talk of the
end of Moore’s Law, transistors
attract much of the attention. But the
kilometers of copper wires that con-
nect these devices on each chip have
miniaturization problems of their own.

Now it seems the issue might not be as
bad as engineers once thought. A team
based at IBM and GlobalFoundries
examined wires that will be needed for
chips after the arrival of the 7-nanometer
node, a manufacturing stage expected
in three or so years. They found indica-
tions of a crystal structure that might
actually help speed signals and reduce
energy consumption.

The boost comes in resistivity, a mea-
sure of how strongly a material opposes
the flow of current. Copper has a very
low intrinsic resistivity. But this “bulk
property” breaks down in small wires.
Electrons bump up against side walls
and scatter off grain boundaries, the
planar surfaces inside the wire where
a copper crystal changes its orientation.

The problem is only expected to get
worse as copper wiring shrinks further.
Adam Pyzyna of IBM’s Thomas J. Watson
Research Center, in Yorktown Heights,
N.Y., and his colleagues tested a variety
of wire sizes and shapes. Intriguingly, for
certain geometries, they found it might

COPPER CRYSTALS CONTAINED: The
banded appearance of this cross section ofa
copper interconnectreveals a crystal structure
that could carry current better in future chips.

be possible to create wires with crystal-
line grain boundaries that naturally run
perpendicular to the length of the wire.
Electrons are more likely to pass straight
through such structures, which would
lower the resistivity of the wires.

The effect, which was reported in June
atthe Symposia on VLSI Technology and
Circuits, in Kyoto, is modest. The team
reported that wires with this bamboo-like
structure exhibited resistivity about 20 to
30 percent lower than what’s been forecast
by the International Technology Roadmap
for Semiconductors, an industry-wide
plan for future chip technology.

“This says it’s not any worse than you
thinkit’s going to be and there’s potential
tomake it better,” Pyzyna says. The trick
will be figuring out how to bring the struc-
ture into production, he says. A wire’s
resistance depends not only on how low
theresistivity of the materialisbut also on
how large the wire’s cross section is. Today
chip wireslook like tall rectangles in cross
section; they’re shrunk in width so they
can be packed together effectively, while
they’re made as tall as possible to maxi-
mize the overall area and keep resistance

i4 | AUG 2015 | IHTERHATIOHAL | SPECTRUM.IEEE.ORG

low. But Pyzyna and his colleagues saw
the bamboo-like effect only in wires with
squarer cross sections. He says it will take
additional effort to determine whether it’s
possible to grow the bamboo structures
taller to keep the resistance down.

If these structures, which were once
common in larger chip wires, can be
remade at smaller scales, it could also
help with another problem facing
interconnect: the diffusion or “electro-
migration” of copper ions out of the wire.
Current can dislodge these atoms and pro-
pel them out of the wire and into material
surrounding it, leaving behind voids that
stop the flow of current. This process gen-
erally happens along grain boundaries,
says Suman Datta of Pennsylvania State
University. With abamboo structure, this
islesslikely to occur, because the current
flows perpendicular to the grain bound-
ary and so can’t as easily carry atoms to
the perimeter of the wire.

Electromigration is one of the main
reasons that copper wires must still
shrink aggressively. Today, lining materi-
alssuch astantalum and tantalum nitride
are used to prevent copper atoms from
migrating out of their channels. The
thickness of these liners can’t be reduced,
soit’s the copper that must shrink.

But there might be ways to give copper
breathing room. At the same conference,
ateam led by H.-S. Philip Wong of Stanford
University discussed how graphene could
be used toline the interconnect instead of
tantalum. The savings for space could be
drastic; a nanometers-thick layer of tanta-
lum nitride could potentially be replaced
withaliner of graphene just 0.3 nanometer
thick, Wong says. That would free up space
for more conductive copper, easing the
miniaturization requirements.

The success of this strategy will as
always come down to manufacturabil-
ity. “[Graphene] has good barrier prop-
erties but it’s usually quite defective,”
Datta says. On the other hand, he adds,

“It’s always a question, what graphene
is useful for. Maybe this is it.”
—RACHEL COURTLAND

LYNNE GIGNAC/I1BM
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“Using technology to serve people
is one of the main principals of our work in the UAE"

Hamdan bin Mohammed bin Rashid Al Maktoum
Crown Prince of Dubai
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BRIGHT
BEAMS
BRING
BUDDHAS
BACK

IN EARLY JUNE,
technology was used
toresurrect, if only
temporarily, a pair of
Buddha statues that once
stood in the Bamiyan
Valley of Afghanistan.

In place since the

sixth century, the statues
were blown up in 2001
by the Taliban, which
had declared them false
idols. After sunset on

6 and 7 June this year,
the valley was lit up with
alaser light projector
developed by Janson Yu
and Liyan Hu—a wealthy
Chinese couple who’ve
crisscrossed the globe
seeking adventure in
some of the world’s most
dangerous spots. The
projector beamed 3-D
images of the 53- and
35-meter-tall Buddhas
right at the spots where
the originals were carved
into the cliff face roughly
1,500 years ago.
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DOG’S

BEST
FRIEND?
THEWHISTLE
CAN GIVE
INSIGHT
INTOAPET'S
BEHAVIORAL
PROBLEMS

n June, | wrote
about Sproutling,
a smart anklet

designed for infants, in the
first part of a series looking
at how wearable technolo-
gy is making more and more
inroads into daily life. In this
article, we explore Whistle,
the “Fitbit for dogs.”

Inthe United States alone,
people will spend more
than US $60 billion dollars
on petsin 2015, according
to the American Pet Prod-

ucts Association. Given that
pet owners spend so much
money, a dog wearable
should come as no surprise.
Skeptics may be quick to dis-
miss spending nearly $100
on such a wearable, but up
until now, unless you're a
dog whisperer, much of pet
care has been guesswork,
with issues mostly identi-
fied in hindsight.
Forexample, if Atlanta dog

owner DianaAbregohad

WHISTLE LABS
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acted immediately on what
Whistle was telling her, it
might have saved her from a
messy cleanup. Abrego was
running errands one week-
end last spring when an alert
popped up on her smartphone:
Her 3-month-old puppy, Sara,
which she and her husband
had adopted a month before
from ashelter,had reached her
“daily activity goal”
Sara,ahound-and-retriever
mix, was wearing Whistle, a
round, metallic waterprooftag
about the circumference of a
silver dollar, on her collar. The
Whistle tracks how muchadog
plays, runs, and rests each day
using a 3-axis accelerometer.
Whistle’s algorithms have been
designed to detect the differ-
ence between running, active
playing, and resting. (The bat-
tery needs recharging about
once aweek.)
That activity data is sent to
a smartphone app via either
a Wi-Fi or Bluetooth connec-
tion. The app calculates how
much exercise adog should get
each day, based on its breed,
age,andsize,anditalso allows
ownerstotrackmedicationand
log meals.InAbrego’s case, the

INTERNET OF DOGS:
Fitted to a collar [top], the
Whistle tracks your pet’s
activity and reportsviaa
smartphone app.

alert indicated that Sara had
reached her target of 60 min-
utes of activity for the day. In
fact, the app showed that she
had exceeded it by 30 minutes.

Sure enough, when Abrego
returned home, it was clear how
her puppy had gotten her ex-
ercise. “From the moment we
left her until 5 minutes before
we returned home, she had
been running around nonstop,’
Abrego recalls. The puppy had
tornapart herpee padandthen
urinated ontop ofthe shredded
bits. She had also ripped apart
her bed. “It was amess.”

Abrego laughs about the in-
cident now, butitshows howa
wearable device can remotely
monitorthe well-being ofadog
and alert owners to problems.
In another instance, an owner
was abletointervene andtake
her dog to the veterinarian af-
ter the Whistle showed that
her dog was unusually slug-
gish. Itturned out the dog had
been bitten by a snake. Whis-
tle’s uses have also been ex-
tended to veterinary schools
and pharmaceutical compa-
nies. Inapartnership with North
Carolina State University’s Col-
lege of Veterinary Medicine, the
Whistle is helping researchers
track canine epilepsy, monitor-
ing dogs before, during, and af-
teraseizure.

The accumulation of dataon
the dog’s daily routine offers
better clues forunderstanding
it, says Whistle Labs’ CEO, Ben
Jacobs: “We're using technolo-
gy to provide a voice for these
animals,” he says.

In January, the San Francis-
co startup also acquired Tagg,
awearable that uses cellular
and GPStechnologytotracka
dog’s whereabouts. Dog own-
ers establish a “home base” for
the dog, and if the dog wan-
ders away, they’re alerted via
atext message or e-mail and
can use a map to pinpoint their
dog’s location.

Asfor cats, Whistle Labs has
contemplated developing a
similar tracker—company co-
founder Kevin Lloyd is actually
acatperson—butit has notyet
come up with a suitable design.
Somehow it seems appropri-
ate that felines may be the last
resistors in our march toward
an always connected, wear-
able world. —ELLEN LEE
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ASTMONTH, PAULWALLICH BROUGHTYOU
L a bicycle-mounted lidar for detecting cars ap-
proaching from behind. I’'m continuing the cy-
cling theme this (Northern Hemisphere) summer with a
bike computer designed for middle-aged eyes. ® Like
many people my age, | struggle to see the tiny display of
atypical bike computer: | can’t very well put on myread-
ing glasses while I’'m pedaling. Also, | enjoy exploring
unfamiliar roads, which makes navigation a challenge
because | don’t carry a smartphone. My old CatEye cy-
cling computer, which just reports how fast I’'m going and
how far I’ve gone, is no use at all in that regard. ® There
are, of course, commercial products that could help me
navigate on my bike, but they are expensive, and their
compact displays are, again, difficult to see—even for
youthful eyes if you’re out in direct sunlight. ® These is-
sues led meto explore a DIY solution. My concerns about
sunlightvisibility meant my DIY cycling computerwould
need areflective display of some type, but an alphanu-
meric LCD panel of the usual sort wouldn’t cut the mus-
tard. lwanted really big numbers displayed. | also wanted
ittobe able to show a map biggerthan a postage stamp.

LEFT: WHISTLE LABS (2); RIGHT: DAVID SCHNEIDER
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DAVID SCHNEIDER (4)

The answer turned out to be already in my
possession: A Kindle Touch e-reader. It was
the perfect size—big enough to display a lot
of information at once in a large font and to
show me a decent chunk of a map without
scrolling. Its E Ink display is clear and crisp
even in bright light. And the price was right.
The only problemwas that | couldnt hack its
software to make it do what | wanted.

Thiswasn'tjustatechnical issue;itwasale-
galone. Modifying such agadgetto operatein
ways other than the manufacturer intended—
even if you own the device—flirts with provi-
sions of the Digital Millennium Copyright Act,
bizarre as that may seem. The U.S. govern-
ment (for odd reasons, specifically the Librar-
ian of Congress) doesn’t wantyou to have full
control of the software on your phone, tablet,
ore-reader—evenifit's opensource. Butafter
some pondering, | realized that | could make
the Kindle serve my needs withouttouchinga
single line of code running oniit.

The trick was to use the Kindle’s “experi-
mental” Web browser, allowing me to put
the brains of the computer elsewhere, in this
case onaUS $20 Raspberry PiModel A. The
Raspberry Pi, being cheap and open, was
perfect for the job. By plugging a suitable
Wi-Fi dongle ($12) into its USB port, | could
make it into a Wi-Fi access point. Run aWeb
serveronthe Piand it can send HTML of your
choosing to the Kindle to display.

My system consists of three parts: the
Raspberry Piand its battery (which reside in
the bike’s saddlebag); a small PC board of my
own design (which carries a $30 GPS mod-
ule and plugs into the Pi); and a Kindle Touch
(mounted on the handlebars using bits of
foam pipe insulation and a few rubber bands).

Two reed switches mounted to the frame
of my bike sense wheel rotation and pedal
cadence by virtue of magnets attached to
a spoke and to the inner chain ring. These
switches are electrically connected to pins
onthe Raspberry Pi's GPIO (general purpose
input/output) port, allowing the Pito know
how fast the wheels and pedals are turning.

The list of software that | needed to install
and configure on the Pito make all this work
is not short. It includes hostadp, which al-
lowed me to transform the Piinto awireless
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BIKE BYTES
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BUILDING THE BIKE COMPUTER
required making hardware upgrades to a
Raspberry Pi, adding GPS and Wi-Fi [top].
With its battery pack, the computer fits
easily into my rear saddlebag [second
from top]. Reed switches and magnets
detect how fast the pedals and wheels are
turning [bottom two photos].

access point, thanks to some helpful online

instructions. | also installed Flask, a light-
weight framework for writing Web applica-
tionsin Python (again, following helpful leads

on the Web). But it didn’t end there. For ex-
ample, | needed another program, gpsd, to

parse the GPS data coming in from my little

add-on board. And there were JavaScript

libraries as well to load, including Leaflet,
which allowed me to add a nifty mapping

feature to my cycling computer.

Eventually, | was able to get my Flask app to
runautomaticallywhenthe Pipowered upand
havethe Piactas acaptive portal, meaning that
it served up my app’s output no matter which
URL the Kindle’s browser was pointed to.

Next, | had to write a cycling-computer Web
app that would look good on the Kindle’s E Ink
display. There were two notable complications.
One arose because of the way E Ink works. It's
verysusceptible to ghosting, where pixels don’t
properly switch to a new state, so Amazon.
com’s engineers arranged for the Kindle’s
browserto cyclethe entire displayfromblackto
white and back again when a new page loads.
This initially made for awkward flickering, be-
cause my initial app sent a new page with up-
datedvalues everysecond.The solutionwasto
usewhat’s knowninWeb-developmentcircles
asAjaxtechniquestoupdatejustthe necessary
elements without sending a whole new page
andtriggering a refresh.

Anothertwist peculiar to the Kindle is that
when it connectsto anew access point, itim-
mediately tries to reach Amazon. If it doesn’t
get the right response, it won't treat the ac-
cess point as valid. The solution was simple:
Have the Pi supply the Kindle with the short
response it was expecting from Amazon.

Inthe end, | managed to pull together a sys-
temthat shows distance, instantaneous speed,
average speed, cadence, elapsed time, and
clocktime all at once, with digits large enough
to read without squinting. Swiping and press-
ing buttons brings up other screens that offer
such goodies as real-time mapping and log-
ging. Even if you have to buy a Kindle for this
project, the cost of the hardware involved is
probably less than half what you'd be paying
foracommercial unit with these capabilities.

—DAVID SCHNEIDER
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ast month, the science-fiction
movie thriller Self/Less opened
in the United States, and the film
is currently rolling out worldwide. Starring
Ryan Reynolds and Ben Kingsley, Self/Less
is premised on a brain-scanning immortal-
ity technology that allows a person’s con-
sciousness to be transferred to a new body.

These days, this kind of movie begets a sci-
tech charm offensive: Modern audiences pay
more attention to the believability of science-
fiction flicks than was once the case. Thanks
to the Internet, if someone can explain why a
movie’sideas are ridiculous, word gets around.
Consequently, moviemakers and studios have
increasingly been usingresearchers as consul-
tants during production orto explainafilm’'s de-
tailsandimplicationstothe public afterthe fact.

For Self/Less, the movie's studio, Focus
Features, enlisted two University of Arizona
associate professors and IEEE senior mem-
bers: neuroscientist and electrical/computer
engineer Charles Higgins and physicist and
roboticist Wolfgang Fink.

TECH TRANSFER: Ben Kingsley [rear]
and Ryan Reynolds play the combined
role of a wealthy man seeking immortality.

Higgins earned his Ph.D. in electrical en-
gineering from Caltech in 1993 and did a
neuroscience postdoc there from 1996 to
1999. Part of his research is studying insect
brains as an entryway to understanding more
complex brains—specifically, how insects
combine disparate information to create nav-
igational intelligence. He’s also working on a
consumer device to monitor brain waves dur-
ing sleep and biomedical indicators of disease.

Higginsis up front that the immortalitytech
in Self/Less is still sci-fi: “To scan a person’s
intelligence would probably require a com-
plete 3-D structuraland functional study ofall
100 billion neurons,” he says. “As farastrans-
ferring consciousness to another living body,
duetothedifferences between each person’s
brain, you'd need a clone of someone’s brain
to have a ghost of a chance.” But, Fink adds,
“onceyou buyinto the underlying premise that
you cantransfer consciousness, thenthe rest
of movie flows quite logically. It doesn’ttank”
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Fink earned a Ph.D. in theoretical physics
from the University of Tiibingen, in Germany,
in 1997. He uses both machine and neural
learning in his research, which involves ar-
tificial vision and applying it to areas such
as autonomous robotic space exploration.
Currently, robot missions are closely direct-
ed from Earth. But with a truly autonomous
space probe or rover, as Fink envisions, al-
gorithms would decipher camera images to
gaugethe bestareato explore. “Theideaisto
instill a reasoning process into the machine
to make those decisions,” says Fink, “butthat
gets usinto the realm of sentient systems.”

How does this tie back to Self/Less? “The
movie addresses the selfversus the nonself;’
says Fink. “Just as implants might one day be
abletoreplace dysfunctional braintissue, so
would you also be able to create an implant
that might suppress moral judgment, say,
to create the perfect soldier. Where do you
stop being in control, and where does the
machine take over? With an artificial neural
network system, how much are you still your-
self, and what’s the chance that someone—
or something—else is controlling you?”

Focus Features did not pay Higgins and
Fink, but they were flown to Los Angeles to
participate in press conferences and contrib-
utetothe electronic press kit. So how did two
researchers getinvolved with a movie studio?

While some researchers are paid consul-
tants for television and movie productions,
a larger number volunteer their advice in the
name of greater scientific literacy through or-
ganizations such as the National Academy of
Sciences’ Science & Entertainment Exchange.
This connects screenwriters and producers
who have technical questions with experts
who can answer them. The pop culture tie-in
helpsresearchersreachabroaderaudience—
particularly useful for those who want to po-
sition their research as startup ready. Higgins
(who has also advised on films such as Elysium
and the remake of Total Recall) and Fink con-
nected with Focus through ZoomWerks
Media, a Pasadena, Calif., publicity firm spe-
cializing in science and entertainment. Says
Higgins, “By doinginterviews and relating real
scienceto science fiction, | believe that we are
connecting better with peoplethanacademics
typicallydo” —SUSAN KARLIN
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NANJING MAKER SPACE

RESOURCES_GEEK LIFE

n May, Shanghai hosted
the inaugural CES Asia consumer electron-
ics show. CES Asia is a spin-off of the well-
known International CES event that takes
place every January in Las Vegas. The Con-
sumer Electronics Association, which owns
both shows, believes that CES Asia could
one day rival—and even eclipse—its Ameri-
can counterpart. For now, though, CES Asia
is amuch smaller affair, with a fraction of the
exhibitors and events of International CES.
But despite the smaller scale, there were
interesting things to be seen, in particular
one event on the last day. Nervous mak-
ers from spaces and universities located in
Shanghai and surrounding cities trooped
onstage to make presentations to a panel
of judges. It was a scene that would have
been familiar in other countries, but it was
something new to China: the country’s first
maker contest. Andit’s unlikely to be the last,
as the number of Chinese maker spaces is
growing rapidly. “Domestic maker spaces
started in 2010, and it was a very niche ac-
tivity,” said Rocky Zheng, head of the Nanjing
Maker Space, through a translator, before
the judging began. “Until 2013, China had
only 15 spaces. Then it began booming. By
April 2014, there were over 100 spaces.”
Projects presented during the contest in-
cluded a headset for bathing dry eyeballs in
avapor containing traditional Chinese medi-
cines; a device for harvesting energy from
straphangers swaying back and forth as
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CAPTURING COMMUTER POWER: Maker Liu
Zhaoying holds up a prototype of a gadget
designed to harvest energy from the motion of
standing passengers on trains and buses.

buses and subway trains lurch along their
routes; a system that would allow users to
have their text messages shown at the bot-
tom of a television screen; reformulated
pottery clay that could be extruded from a
modified 3-D printer capable of producing
complex ceramic designs; and an electronic
lock that opened using coded light signals
from a smartphone app. The winner was a
team from Shanghai that developed a sys-
temforwarning drivers when they stray out-
side their lanes.

Growth in maker spaces will be fueled by
the Chinese Ministry of Industry and Informa-
tion Technology’s (MIIT) recent embrace of
makers and smalltech startups. Among oth-
er efforts, the MIITis creating an online plat-
form for makers to exchange information and
raise money via crowdfunding.

The government’s interest is clear: Some
of the official speakers at the contest seem
to view makers largely as nascent business
entrepreneurs,and maker spaces asincuba-
tors primedto feedinnovative productideas

directly to industry. This was reflected in a
second round of the contest that followed
the maker presentations, in which teams
from small (and not-so-small) companies
presented commercial productideas suchas
an automated frying pan or smart systems for
reducing office energy use—more the kind
of thing you'd see at a Y Combinator—style
event rather than a maker contest.

But several speakers from the maker
community were quick to make the point
that while products can come out of maker
spaces, it would be a mistake to view them,
and the people working inthem, so narrowly:
“Wetryto bestturn our creativityand hobbies
into reality. We may be able to commercial-
ize in some areas, but in others we are sim-
ply playful in our effort. Makers go beyond the
scope of entrepreneurs,” said Nanjing Maker
Space’s Zheng.

Currently, the goal of the Chinese maker
movement is to create spaces in the prov-
inces, spreading them out from their cur-
rent concentration around cities such as
Beijing, Shanghai, and Shenzhou. If this
can be done in the maker spirit espoused
by Zheng, China could indeed be seeding a
creativetechrenaissance. —STEPHEN CASS
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WHEN INNQVATION FAILS

MODERN SOCIETIES AREOBSESSED WITH INNOVATION.

In June 2015, Google searches returned 389 million hits for “innova-

tion,” easily beating “terrorism” (92 million), “economic growth” (91 mil-

lion), and “global warming” (58 million). We are to believe that innovation will
open every conceivable door: to life expectancies far beyond 100 years, to the
merging of human and machine consciousness, to essentially free solar energy.
This uncritical genuflection before the altar of innovation is wrong on two counts:

It ignores those big, fundamental quests that have failed after spending huge sums
on research. And it has little to say about why we so often stick to an inferior prac-
tice even when we know there’s a superior course of action. ® The fast breeder
reactor, so called because it produces more nuclear fuel than it consumes, is one
of the most remarkable examples of a prolonged and costly innovation failure. In
1974 General Electric predicted that by 2000 about 90 percent of the United States’
electricity would come from fast breeders. GE merely reflected a widespread ex-
pectation: During the 1970s, the governments of France, Japan, the Soviet Union,
the United Kingdom, and the United States were all investing heavily in the develop-
ment of breeders. But high costs, technical problems, and environmental concerns
led to shutdowns of British, French, Japanese, U.S. (and also smaller German and
Italian) programs, while China, India, Japan, and Russia are still operating experi-
mental reactors. After the world as a whole has spent well above US $100 billion in
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today’s money over some six decades of
effort, there is no real commercial payoff.

Other promised fundamental innova-
tions that still are not commercial con-
cerns include supersonic passenger flight,
magnetic levitation trains, and thermo-
nuclear energy. The last one is perhaps
the most notorious example of an ever-
receding innovative achievement.

The second category of failed inno-
vations—things we keep on doing even
though we know we shouldn’t-range from
quotidian practices to theoretical concepts.
Why are we boarding flights from back to
front when we know of better ways? And
there’s no need to go for the best but or-
ganizationally tricky Steffen method, in
which passengers fill a plane from the back
to the front, windows first, skipping every
other row so that everyone has more space
to get settled. We might do even better by
seating people in a reverse pyramid, alter-
nately boarding them at the back and at
the front simultaneously (spreading things
out to minimize bottlenecks), or simply by
abolishing assigned seating.

Why do we keep imposing “daylight
saving time” changes semiannually when
we know they don’t really save anything?

And why do we measure the progress
of economies by gross domestic prod-
uct? GDP is simply the total annual value
of all goods and services transacted in
a country. It rises not only when lives
get better and economies progress but
also when bad things happen to people
or to the environment. Higher alcohol
sales, more driving under the influence,
more accidents, more emergency-room
admissions, more injuries, more people
in jail-GDP goes up; more illegal logging
in the tropics, more deforestation and
biodiversity loss, higher timber sales—
again, GDP goes up. We know better, but
we still worship high annual GDP growth
rate, regardless of where it comes from.

Why do we love wild and crazy innova-
tion when there is so much practical inno-
vation waiting to be implemented? Why
do we not improve the boarding of planes
rather than delude ourselves with visions
of hyperloop trains and eternal life?

PHOTO-ILLUSTRATION BY Sean McCabe
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WE'RE ALL DATA GEEKS NOW

Data science is going to be as foundational to
education as English... [It] doesn’t belongin the
business school. Everybody should take data
science. —Jennifer Priestly, Kennesaw State University

WHEN GARTNER RELEASED ITS ANNUAL Hype Cycle for Emerging
Technologies for 2014, it was interesting to note that big data was now
located on the downslope from the “Peak of Inflated Expectations,” while
the Internet of Things (often shortened to loT) was right at the peak,
and data science was on the upslope. This felt intuitively right. First, although big
data—those massive amounts of information that require special techniques to store,
search, and analyze—remains a thriving and much-discussed area, it’s no longer the
new kid on the data block. Second, everyone expects that the data sets generated by
the Internet of Things will be even more impressive than today’s big-data collections.
And third, collecting data is one significant challenge, but analyzing and extracting
knowledge from it is quite another, and the purview of data science. ® Just how much
information are we talking about here? Estimates vary widely, but big-data buffs some-
times speak of storage in units of brontobytes, a term that appears to be based on
brontosaurus, one of the largest creatures ever to rattle the Earth. That tells you we’re
dealing with a big number, but just how much data could reside in a brontobyte?
I could tell you that it’s 1,000 yottabytes, but that likely won’t help. Instead, think of
aterabyte, which these days represents an average-size hard drive. Well, you would
need 1,000,000,000,000,000 (a thousand trillion) of them to fill a brontobyte. Oh,
and for the record, yes, there’s an even larger unit tossed around by big-data mavens:
the geopbyte, which is 1,000 brontobytes. Whatever the term, we’re really dealing
in hellabytes, that is, a helluva lot of data. ® Wrangling even petabyte-size data

ILLUSTRATION BY Greg Mably
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sets (a petabyte is 1,000 terabytes) and

data lakes (data stored and readily ac-
cessible in its pure, unprocessed state) are

tasks for professionals, so not only are list-
ings for big-data-related jobs thick on the

ground but the job titles themselves now
display a pleasing variety: companies are

looking for data architects (specialists in

building data models), data custodians

and data stewards (who manage data

sources), data visualizers (who can

translate data into visual form), data

change agents and data explorers

(who change how a company does busi-
ness based on analyzing company data),
and even data frackers (who use en-
hanced or hidden measures to extract or
obtain data).

But it’s not just data professionals who
are taking advantage of Brobdingnagian
data sets to get ahead. Nowhere is that
more evident than in the news, where a
new type of journalism has emerged that
uses statistics, programming, and other
digital data and tools to produce or shape
news stories. This data journalism
(or data-driven journalism) is exempli-
fied by Nate Silver’s FiveThirtyEight site,
a wildly popular exercise in precision
journalism and computer-assisted
reporting (or CAR).

And everyone, professional and ama-
teur alike, no longer has the luxury of deal-
ing with just “big” data. Now there is also
thick data (which combines both quanti-
tative and qualitative analysis), long data
(which extends back in time hundreds or
thousands of years), hot data (which is
used constantly, meaning it must be eas-
ily and quickly accessible), and cold data
(which is used relatively infrequently, so
it can be less readily available).

In the 1980s we were told we needed
cultural literacy. Perhaps now we need
big-data literacy, not necessarily to
become proficient in analyzing large
data sets but to become aware of how
our everyday actions—our small data—
contribute to many different big-data sets
and what impact that might have on our
privacy and security. Let’s learn how to
become custodians of our own data.
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BY STUART NATHAN

BUILDING BLOODHOUND:
THE FASTEST CAR
IN THE WORLD
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INASUBURB OF BRISTOL, INWESTERN ENGLAND, not far from the Welsh border, a band of
engineers are building a machine that they hope will make the biggest jump in the century-
long history of the official world land-speed record, taking it from a smidgen above the speed
of sound to 1,600 kilometers (1,000 miles) per hour. That’s roughly the cruising speed of a
fighter aircraft, but it’s considerably harder to achieve at ground level, where the atmosphere
is far thicker. And there’s the not-insignificant danger that the vehicle will end up plowing into
the ground. e Even in the complicated business of breaking such speed records, Bloodhound
represents a remarkable array of firsts in terms of technology, engineering techniques, and
propulsion systems, all set to send the missile-shaped car down a nearly 20-km-long racetrack
in the South African desert toward the end of this year. Perhaps the most striking of those
firsts is the project’s method of verifying the safety of the design. To a degree that would be
unthinkable today, earlier record attempts relied on overengineering, best-guess estimates,
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intuition, and sheer luck. Earlier generations of engineers

would often discover a car’s limits with destructive testing—
running it until it broke. Now modeling and data acquisition,
the preferred tools for designing both aircraft and cars, are

making headway in this most extreme of sports. Bloodhound

is the first project of its kind to apply them. By the time the

car makes its great bid for the record in South Africa, it will

have done the run 1,000 times in silico.

HE PROJECT IS TAKING SHAPE in what’s
known as the Doghouse, a hangarlike space
T that is divided down the middle. To the right
as you enter is a structure that will house the
control center, recovery vehicles, and testing
rigs, along with the “show car,” a full-scale model that has
become a familiar sight at industrial exhibitions around the
United Kingdom during the seven years of the project. On
the left is the growing bulk of the thing itself, whose full name
is Bloodhound SSC (for “supersonic car”). It was just over
halfway finished when this article was being written.

At the center of Team Bloodhound are the current holders
of the land-speed record: driver Andy Green (a fighter pilot
now serving as a wing commander with the Royal Air Force),
project director Richard Noble, and veteran aerodynamicist
Ron Ayers. In 1997, Green became the first person to break
the sound barrier on land, setting a record of 1,228 km/h
(763 mph) in a car called Thrust SSC as it raced over the Black
Rock Desert in Nevada. Noble set the previous record, hit-
ting 1,019 km/h (633 mph) in a car named Thrust II in 1983.
As with all these trials, the speeds are an average of two runs
in opposite directions within a set time limit.

Project Bloodhound’s first goal is to break Green’s existing
record before the end of 2015. The second is to take the record
into new territory, hitting 1,600 km/h in 2016, after an engi-
neering review of the 2015 runs and a possible rebuild. The
third is to motivate more young people to study engineering,
just as the Apollo program did for Noble’s generation in the
1960s and 1970s.

The last of these goals came about almost by accident. Blood-
hound’s predecessor, Thrust SSC, was powered by two jet
engines—Rolls-Royce Spey turbofans, taken from a retired
RAF Phantom fighter-bomber. Noble and Green knew that this
arrangement wouldn’t be enough to set a new record. Two
engines would be too heavy, and the elderly Speys wouldn’t
have the necessary power. At the outset of the project, the
only single jet engine with the power-to-weight ratio needed
was the Rolls-Royce Eurojet EJ200, the power unit for the
Typhoon fighter. And even then, it was obvious that to send
it through the sound barrier the effort would have to use a
second propulsion system—a rocket.

But you can’t buy a new EJ200 on the open market, and
you won’t find any surplus units on eBay. The only way to
get your hands on one is to ask very nicely. So in 2007 Green
and Noble approached the U.K. Ministry of Defense, asking
to do just that. They were told they could borrow one, but
only if they combined the project with an educational effort.
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As aresult, the Bloodhound show car has toured hundreds
of schools in the U.K. It has also visited many South African
schools. Meanwhile, the car’s runs will be public to an unprec-
edented extent, with data from onboard sensors streamed
on the Internet in real time.

N ANOTHER FIRST, Bloodhound carries
three engines. From standstill to about
650 km/h (400 mph), the EJ200 takes the
strain. Above this speed, a set of rockets sup-
plied by a Norwegian company, Nammo, will
add their thrust. These are hybrid rockets, burning solid
fuel—a synthetic rubber compound-using high-test hydro-
gen peroxide (HTP) as the oxidant. The pump squirting the
HTP into the combustion chamber will be driven by the third
engine, an eight-cylinder, 5.0-liter, supercharged internal-
combustion engine normally found in a Jaguar.

This design combines power and controllability. The jet can
be throttled up and down—an operation with which Green, as
afighter pilot, is very familiar. The hybrid rocket is also throt-
tleable, to an extent: Its thrust is proportional to the pressure
with which the HTP is pushed into the combustion chamber,
and the Jaguar engine doing that can provide a range of out-
put to achieve this. In practice, Green won’t adjust the flow
of oxidizer after he fires the rocket. He can shut off the HTP,
though, thereby shutting down the rocket.

Bloodhound also has three braking systems. The first to
deploy will be a pair of air brakes, which stick out from the
sides of the car close to its rear end. These large perforated
panels are operated pneumatically and are mechanically
linked so that both always open to the same degree. They
will slow the car down to about 1,080 km/h (670 mph), at
which point Green will release two drag parachutes, simi-
lar to those used by some aircraft, to reduce speed to about
320 km/h (200 mph). From here, the car will be brought to a
stop using conventional brakes attached to the front wheels.

The wheel brakes are a good example of how the demands
of the project affect development. Although they will be used
only in the last stages of stopping the car, the brake discs spin
along with the wheels, and therefore at peak speed they will
be moving at about 10,500 revolutions per minute. The team
tested the brake discs used on the Typhoon fighter, but these

IMAGINE THE WIND:
Computer modeling
allowed designers todo
without destructive test-
ing at each critical speed,
such as the sound barrier.
This sonicboom can be

seen forming at the nose
[first and second images].
At an appropriate air-
speed, panels deploy to
add braking force [third
and fourthimages].
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SUSPENSION --:

COCKPIT -

Ballistic panels shield the
driverin case the wheel breaks
up, hurling fist-size chunks
faster than the speed of sound.

MY JET HAS
A ROCKET

The jet gets the car moving and the rocket sets
the records; both are packed among fuel lines
that themselves require a pump powered by a
V8 engine. At each stage—subsonic, sonic, and
hypersonic—the car must stay aerodynamically
neutral, neither lifting off nor hunkering down.

couldn’t manage the job. Neither could any carbon-fiber brake
disc. Even the hardiest model put through a spin test shat-
tered into tiny pieces as it neared the vital speed. “We had to
vacuum all the bits and dust out of the test rig,” recalls sys-
tems engineer Joe Holdsworth.

The only brake discs that can cope with the strain are steel,
which is likely to distort but is cheap enough to be replaced
if necessary.

This was one of the very few times these engineers used
destructive testing to design something for Bloodhound. In
marked contrast to those attempting most of the previous

g

OXIDIZER TANK

TOP: FLOCK LONDON; BOTTOM: THIRD IMAGE, BLOODHOUND PROJECT; ALL OTHERS, SWANSEA UNIVERSITY
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AIR INTAKE

V8 ENGINE/
OXIDIZER PUMP

JET ENGINE

HYBRID ROCKET «-------

AIR BRAKES

Brakes, not engines, are the technical
challenge. They must be able to stop
acannonball while remaining sound

enough todoitagain. Air brakes
deploy first, then parachutes, and
finally disc brakes.

ALUMINUM WHEEL +++++------

land-speed records, this team has used a combination of
computer simulations and sensor data to test whether their
designs are robust enough to cope. Thrust SSC pioneered
this technique in the 1990s, but to a much smaller extent:
Wind-tunnel and rocket-sled tests on models supported cer-
tain computer simulations, and the car was equipped with
sensors, but far fewer than Bloodhound will carry.

Take the wheels, for example. They will be the fastest-
turning wheels in the world. And when the car is traveling at
1,600 km/h, material on the rim of a wheel will experience
about 50,000 g’s. The wheels, which measure just under a

HE
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eeveess TAILFIN

This tail fin may not be the
fastestever, butit’s surely
the hardest working, cutting
through ground-level air that
seems as thick as treacle.

~~~~~~ JET EXHAUST

ROCKET NOZZLE

meter across, are made of solid metal and are machined so
that the rim is a shallow V shape that digs into the desert floor.
Initially, the team thought the wheels would have to be made
from titanium, but a finite-element analysis (wWhich simulates
the stresses that solid structures experience) indicated that
suitably forged aluminum would be strong enough. So Blood-
hound’s designers settled on an aerospace-grade alloy of alu-
minum with a light salting of zinc, copper, and manganese.
Not entirely trusting computer models for this vital com-
ponent, they engineered two series of tests to confirm that

aluminum wheels would work. Inthe | conTinueED ON PAGE 50
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The Numinated Cello Howvisual artist Erika Harrseh
engineered abriliant new instrument for the 21SLcentury BY JEAN KUMAGA!
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T’S A WARM SUMMER evening in

New York City, and the visual artist

Erika Harrsch is having dinner with

Meric Adriansen, an engineer and

managing partner of the lighting
design company D3 LED. Adriansen’s
company specializes in sophisticated LED
installations for advertising and public
art. After dinner, the two stroll through
Times Square, where Adriansen points
out a few of his company’s immense,
shimmering creations and describes how
the visuals are programmed.

“We should do something together
one day,” Adriansen tells Harrsch. And
just like that, a collaboration is born.

“For me, it was like an open window of
possibility,” Harrsch recalls of that evening
three years ago. She soon knew exactly
what she wanted to do: build a cello
illuminated with light-emitting diodes.

Harrsch had recently begun working
with the avant-garde composer Paola
Prestini and cellist Maya Beiser on a
new concerto. Until her dinner with
Adriansen, Harrsch had been envisioning
video backdrops against which Beiser
would perform; she’d created similar
works for other musical performances.

“This time, I wanted not just videos
as background but as an integral part of
the piece,” Harrsch says. “I wanted to
create a living sculpture, of music and
light.” And so she did: the LED cello. =

HARRSCH FACED A NUMBER OF CHALLENGES: The cello had to

be comfortable to play, the visuals had to make sense to the
audience and also blend seamlessly with the music, and of
course, everything had to work technically. To investigate the
cello’s ergonomics, Harrsch created a cardboard version of it,
which Beiser experimented with [above] to see if the size and
shape worked. They did.

The cello’s “display” consists of eight 32- by 32-pixel LED
panels arranged in a blocky “U” shape on the front of the
instrument. Two panels sit on each side of the cello’s bridge,
and the remaining four panels form a square at the bottom.
Worried that the display would look flat and rigid, Harrsch
tilted the bottom panels to give the optical illusion of curvature.

The Yamaha electric cello [opposite page, top left] that
Harrsch used as the base for her instrument is about the
same size as its acoustic counterpart, but instead of having
aresonant sound box, it amplifies the sound electronically.
Would having LEDs so close to the instrument’s delicate
electronics create distortion? Harrsch contacted Yamaha
seeking advice.

“They told us it was impossible,” she recalls, “that what we
were wanting to do would destroy the sound.”

ALL PHOTOS: ERIKA HARRSCH
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A BIT SHAKEN by Yamaha’s admonition that her project was
“impossible,” Harrsch nevertheless continued to work with
Adriansen [left, with Harrsch] and others to ensure that the
LED panels would not interfere with the cello’s sound. With
engineer Dragoslav Scepanovic, whose machine shop isn’t far
from Harrsch’s studio in Long Island City, N.Y., she designed
an aluminum frame to hold the panels in place [opposite
page, far left].

At the back of the cello—officially known as the Erika
Harrsch/LED Cello—the panels are connected by Ethernet cable
to a motherboard. A laptop running software from Adriansen’s
company controls the LED panels’ output. It’s exactly the same
software that runs the billboards in Times Square, Harrsch says.

That Times Square heritage wasn’t exactly a selling point
with composer Prestini [top, left] and cellist Beiser. “I was
quite skeptical about the LED in the beginning,” Beiser recalls.

“I was worried about just the warmth of it.”

But Harrsch showed them how the LEDs could be
programmed to create effects that were lush, vibrant, and
nuanced. To keep the lights from appearing too harsh, she
dialed back the brightness to about 30 percent. Video designer
Brad Peterson [above, standing] worked with Harrsch on the
videos that would be projected through the cello.
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THELED CELLO debuted in February 2014 at the
Krannert Center for the Performing Arts, in
Urbana, Ill., in a concerto called Room No. 35,
written by Prestini. The work is based on a
novella by Anais Nin that traces a woman’s path
of self-discovery. Room 35, Prestini explains,
“is one of the rooms that one of her selves goes
in, to discover a deeper world within her.”

In the months leading up to the performance,
Beiser, Harrsch, and Prestini [right] worked
closely with members of the eDream Institute,
aresearch and education center at the University
of Illinois that’s devoted to the digital arts and
technology. Shown above with Harrsch are,
from left, graduate students Kyungho Lee and
Michael Junokas and Guy Garnett, the institute’s
associate director.

AS THE CONCERTO OPENS, Beiser is seated
center stage, playing an acoustic cello. But
around minute 21, she sets her instrument
aside, slowly climbs a set of stairs to an
elevated platform, and takes up the LED
cello. The first few notes sound hesitant
and experimental.

“I’'m just kind of improvising different
sounds,” Beiser says. Images flash and
pulse on the cello’s face, and as the music
intensifies, so do the visuals, radiating
onto the screen behind. In the piece’s final
moments, the LEDs blaze a bright white for

a split second and then go dark. “It’s very
rock and roll,” says Beiser.

This past April, Prestini’s company, Via
Records, released the official DVD and CD of
the concerto, along with a companion work
called House of Solitude. Although there are
no firm plans to stage Room No. 35 again,
Prestini doesn’t rule it out.

In the meantime, Harrsch is working
with Adriansen on an updated version of
the instrument—call it LED Cello 2.0—that
will incorporate lighter-weight panels with
a denser pixel count and smaller LEDs. The
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new cello’s visuals will be programmed to

respond to the music and the musician’s

movements. Harrsch knows it won’t be easy.
“Sometimes I wish I could stop the

creative entity that resides inside me,”

she says, laughing. “Because it takes me

wherever my most bizarre dreams are.

And sometimes it takes me to places that

are very difficult to get out of.”

THE WORLD'S NEWSSTAND®

WATCH THE TRAILER AND POST YOUR COMMENTS AT

HTTP://SPECTRUM.IEEE.ORG/LEDCELLO-0815

Previous Page | Contents | Zoom'in"|"Zoom out"| Front Cover | Search'lssue | Next'Page

>
* <o
Qmags

THE WORLD'S NEWSSTAND®.


http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=P36E2
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org/ledcello-0815&id=19491&adid=P36E1
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo

I B I|EEE
i sPECTRUM

I 1 |EEE
Il sPecTRUM


http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo

RT2ARTOVIBOLABH b
BH RSELBNLABHRABHRT Al
WG 2AAGAHOW9SELA28 B!
£4 DCTOD7AEEMSEEALA Bl
0M BHR1410COMPUTE25 £
AA 2625AABBE399G36C 0|
CW WITH3F7AACGALABHR Al
1L A DG32DATAAEEA1D20 P|
TA LVLABHRABHYQUJRS Al
/LA ELUAFJAEZRPBAQ+Q W
JR PF7CXGANTD+ONBPAI
RP IBI+ERFWMXSEE7IWE A
XC MSEEA1D2526EA1D A

)
u A H u

I Eﬁecmum oS Pag


http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=http://spectrum.ieee.org&id=19491&adid=logo
http://www.qmags.com/clickthrough.asp?url=www.qmags.com&id=19491&adid=logo

1 IEEE

| SPECTRU

1 IEEE

| SPECTRU

Web applications
couldincrease
security by
keeping data
encrypted

even during
computations

By Raluca Ada Popa & Nickolai Zeldovich
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ot long ago, hackers stole about
40 million debit- and credit-card
records from Target, another 56 mil-
lion records from Home Depot, and
nearly 5 million patient records from
hospital operator Community Health
Systems. And this past June, personal
information about millions of federal
employees was taken from the U.S. Office of Per-
sonnel Management. These are just a few thunder-
clapsin the perfect storm of cyberattacks and data
breaches making headlines recently.

Despite massive efforts to guard sensitive data,
hackers often manage to steal it anyway. It’s a prob-
lem that’s becoming especially acute, now that huge
amounts of information are being concentrated on
the servers of various cloud service providers. Most
times we don’t even know where these machines
are located; how can we possibly feel that our data
is safe with them?

Here’s one way: Encrypt the data before it’s
stored. That way, even if attackers manage to break
into the cloud provider’s system and steal data,
they’ll just get meaningless gibberish.

This might seem a simple solution, but it has a
big shortcoming: When data is encrypted, it’s use-
less to the bad guys, for sure. But in many instances
encryption makes it useless to the good guys as well.

Today’s cloud providers typically perform many
different kinds of useful computations on the data
you entrust them with—looking things up, compil-
ing statistics, analyzing trends, and so forth. Some
apply very sophisticated machine-learning tech-
niques to your data. But no one can do any of that
if the data is encrypted.

How, after all, could Facebook possibly run a face-
detection algorithm on your photos to recognize
your friends if the images it holds are scrambled?
And how could Amazon offer recommendations
if it can’t make sense of the purchase history it
keeps on you?

So it would seem foolhardy to pursue encryption
for anything other than perhaps simple data stor-
age. In the past few years, however, a technique has
emerged that achieves the seemingly impossible:
It enables a cloud provider to perform many kinds
of computations on data that has been encrypted.

The technique relies on special mathematical
properties of certain encryption schemes that
allow the cloud provider to carry out useful com-
putations and produce an encrypted result. The
end user can then decrypt that result to get the
answer he or she is looking for.

The beauty of this approach is that the data
stored by the cloud provider is always encrypted.
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So even if someone steals every last bit
of data from a cloud service’s machines
(or subpoenas the information on them),
he gets only the encrypted data, which
is essentially worthless. Indeed, this
approach also protects you from the
possibility of a hacker obtaining com-
plete access to the cloud provider’s com-
puters and running the software on
them at will. Even that intrusion won’t
reveal your data.

Today’s work on computing with
encrypted data has deep roots, reaching
back almost four decades. But such com-
putations are only now becoming prac-
tical, thanks in part to software tools we
helped develop at the MIT Computer
Science and Artificial Intelligence Labo-
ratory. Those tools are complicated, but
you don’t need to understand their math-
ematical intricacies to get a general sense
of how they work and how, contrary to
intuition, you can compute useful things
with data that you can’t even see.

o make clear what we’ve been

working on, consider a hypo-

thetical example. Imagine that

someone—we’ll call her Alice—

uses a medical Web applica-
tion that runs in the cloud. She uses
her browser to enter various kinds of
sensitive information—disease symp-
toms, physical activity, diet, credit-card
information for payments, and so forth—
on the provider’s website. But the com-
pany running this service is scrupulous
about security. It has arranged things so
that Alice’s personal information gets
encrypted on her local machine and is
then sent to the cloud provider, so that
the provider receives and stores only
encrypted data.

Later, Alice asks for certain things to
be computed based on what she had
entered earlier—fitness level, diet rec-
ommendations, whatever. Remarkably
enough, the cloud service can carry out
these computations using just Alice’s
encrypted data. The answers will not
seem to make any sense to the provider,
but software running on Alice’s machine
automatically decrypts these results and
presents them in Alice’s browser in the
40 |
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THESE MASSIVE BREACHES go back

more than adecade. An AOL employee stole
92 millionrecords in 2004. The most recent
victim here was Anthem, this past February.

Source: Information Is Beautiful

(http://www.informationisbeautiful.net)

Company
[industry]

eBay
[e-commerce]

Heartland

[financial]

T.J. Maxx/ T.K. Maxx
[retail]

AOL
[Web]

Anthem
[health care]

Sony
[gaming]
JPMorgan Chase

[financial]

Target

[retail]

Home Depot
[retail]

Evernote
[Web]

SPECTRUM.IEEE.ORG

Number of
records stolen

145,000,000

130,000,000

94,000,000

92,000,000

80,000,000

77,000,000

76,000,000

70,000,000

56,000,000

50,000,000

usual way. So from her standpoint, the
interaction with the Web application
appears perfectly ordinary.

Let’s imagine also that a doctor who
is authorized to access the service asks
for statistics about how many patients
were sick in a given week, what the risk
factors were for people who contracted
a certain disease, or some other infor-
mation. This doctor, too, gets results that
are computed with encrypted data and
returned to her machine in an encrypted
form, at which point they are automati-
cally decrypted and displayed.

In all, Alice and the doctor enjoy
the same level of service they would
have experienced with a regular Web
application. The difference is that sen-
sitive information is never exposed to
hackers who might try to break into
the provider’s database or listen in on
network communications.

How can this possibly work? For con-
creteness, let’s consider a very simple
computation. Imagine that the doc-
tor wants to know the total number of
people using the system who suffered
from a specific disease during the past
year. Assume that the cloud service has
records of the number of people who
reported this disease in each month of
the year, but it holds that information in
encrypted form.

To answer the doctor’s query, the cloud
provider needs to somehow add up 12 dif-
ferent encrypted numbers and return the
result. That might seem impossible, but
it can be done if the encryption scheme
is chosen properly.

Conveniently, in 1999, while working
on his thesis at Ecole Nationale Supéri-
eure des Télécommunications of Paris,
Pascal Paillier developed an encryption
system with a fantastic property: If you
multiply a set of numbers after they’ve
been encrypted, you will obtain, remark-
ably enough, the encrypted version of
their sum.

So the cloud service in our example
just needs to use Paillier’s encryption
system and multiply together the 12
encrypted values corresponding to
the disease totals for each month of
the year. This operation will generate
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SEARCH

ENCRYPT

ENCRYPT

IbAZ6

ENCRYPT

ENCRYPT

ADDITION MULTIPLICATION
0006 00O

ENCRYPT: ENCRYPT:
MULTIPLY MULTIPLY
BYA BYB

FOR SIMPLE SEARCHING [top], any encryption scheme will work, but for other
operations you need to choose an appropriate method. To perform addition, for
example, you could use exponentiation to encrypt the data, multiply the results, and
compute the logarithm to decrypt [left]. For multiplication, you could first multiply by
some chosen constants to encrypt the two numbers, multiply the encrypted values,
and then divide by the product of the constants to decrypt the result [right]. These
simple encryption schemes would not, of course, be sufficiently secure to use in
practice, but they show the general strategy.

a value that is the encryption of the
sum of those monthly tallies, with-
out the service ever having access to
the individual values. The cloud ser-
vice returns this result to the doctor’s
machine, which decrypts the value and
displays the total for the year on her

computer screen.

This general approach to working with
encrypted data isn’t limited to simple
addition. There are all kinds of other
things you can do with encrypted data
if you pick the right encryption scheme,
including comparison, sorting, multipli-
cation and other arithmetic operations,
as well as trigonometric functions.

INFOGRAPHIC BY Carl De Torres
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he idea of computing with
encrypted data arose first in
1978, when Ronald Rivest, Len
Adleman, and Michael Dertouzos
wrote a seminal article titled
“On Data Banks and Privacy Homo-
morphisms.” In it, they introduced the
idea of keeping data encrypted while
computing things with it. They called
an encryption scheme that could support
such computation “homomorphic.” They
did not know at the time how to carry
out an encryption that would allow all
sorts of computations to be performed—
and neither did anybody else—but they
and other computer scientists were eager
to find a way.

The quest lasted for more than 30
years. In 2009, Craig Gentry, then a
graduate student at Stanford Univer-
sity, made a major breakthrough: He
came up with an encryption scheme
that allows a computer to calculate any
function at all on data after it has been
encrypted. Such a scheme is called fully
homomorphic encryption.

From a mathematical standpoint,
Gentry’s solution to the problem
was truly beautiful. And soon, other
researchers proposed additional fully
homomorphic encryption systems
aimed primarily at improving the per-
formance and security of Gentry’s origi-
nal scheme.

Despite this progress, a huge problem
remained: The best fully homomorphic
encryption schemes took more than a
million times as long to complete as the
corresponding unencrypted computa-
tions. If it normally took a second for a
website to compute your results, with
fully homomorphic encryption you’d
have to wait about 12 days. Such slug-
gishness was clearly a showstopper.

Then in 2011 a team of security and
cryptography experts, which included
the two of us, built a system called
CryptDB. It allowed a Web application
to perform a range of database queries
in the widely used Structured Query
Language (SQL) with only a 27 percent
performance slowdown.

What was the trick? The key was to
get away from the idea that one encryp-
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CRYPTDB

MODIFIED DATABASE-

MANAGEMENT SYSTEM S

ENCRYPTED ENCRYPTED
QUERY RESULT

DATABASE PROXY O

SECURITY IS OFTEN a concernwheninformationis heldinacloud
database. CryptDB addresses this issue by encrypting the datain away
that still allows normal database queries to be performed. The application
itself runs locally, as does a database proxy, which performs the encryption
and decryption. The proxy also translates queries into a form that can be
run on the modified database-management system running in the cloud.

tion system would work for everything.
Fully homomorphic encryption aims
to support all functions within a single
encryption scheme. That makes it slow
even for simple operations.

We and our colleaguesrealized that an
encryption scheme specialized for just
one operation on the encrypted data
could be much faster. Paillier’s encryp-
tion scheme, for example, can compute
the sum of encrypted values very quickly,
but it can’t compute anything else.

To support a variety of operations,
then, you need to use a variety of spe-
cialized encryption schemes. Each is
efficient at just one thing, but together
they cover quite a lot of territory.
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Currently, there are specialized (and
fast) algorithms for many common oper-
ations, some of which we developed:
addition, multiplication, comparison
by equality or by order, set intersection,
polynomial computation, machine-
learning classification tasks, searching
encrypted text, and others. Using all of
them to encrypt your data, and therefore
storing multiple sets of encrypted data,
allows you to perform a variety of dif-
ferent computations with the encrypted
results. You just switch back and forth
among the encrypted data sets, in each
instance using the one that corresponds
to the operation you need done.

CryptDB exploited this insight for the
first time in a practical way. As aresult, it
has gained traction in industry. For exam-
ple, following CryptDB’s lead (and giving
credit to it), Google recently deployed a
system called Encrypted BigQuery. It
can perform queries on an encrypted
version of Google’s BigQuery database.
And the software giant SAP implemented
asystem called Search Over Encrypted
Data, which uses CryptDB on top of SAP’s
High-Performance Analytic Appliance
database server. Also, researchers at
MIT’s Lincoln Laboratory use CryptDB
for a special version of the open-source
Apache Accumulo database.

Because each of these systems uses a
variety of different encryption schemes,
application designers are limited in how
they can combine different operations.
Still, being able to do SQL queries on a
collection of encrypted data is often all
you need.

ast year, we developed a system

called Mylar to add to the capa-

bilities of CryptDB. Mylar goes

beyond just querying a data-

base full of encrypted data—
it enables users of a Web application to
also share data with one another. Such
data sharing is a staple of many Web
applications: Facebook users share pho-
tos and posts with one another, users
of an online calendar share events, and
so forth. Mylar enables all such sharing,
according to whatever permissions the
user grants others.

INFoGRAPHICS BY Carl De Torres
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BOB’S BROWSER

ALICE’S BROWSER

EVE’S BROWSER
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ENCRYPTED DATA STORE

ENCRYPTED KEY STORE

2 | %
B &

THE AUTHORS’ MYLAR Web-application framework allows users to
share data with those they choose. This is done by encrypting shared data
with particular encryption keys and then storing encrypted versions of
those keys in such a way that only the proper users can access them. Here
Bob and Alice use their keys [blue, purple] to obtain copies of a third key
[black], which they each can use to access their shared encrypted data.

For instance, let’s say Alice of our
hypothetical example wants to share
her medical history with her doctor
so that she can be treated. The desire
here is that both Alice and her doctor be
able to decrypt Alice’s medical informa-
tion. A hacker, whom we’ll call Malice,
shouldn’t be able to decrypt Alice’s
data, even if Malice manages to hack
the cloud-service provider and steal all
the data and code stored there.

The same should apply, of course, to
any number of people who’ve chosen to
share their information with this doctor—
perhaps it’s everyone in the database.
Indeed, allowing a doctor access to
everyone’s data would be a prerequi-

site for answering many important ques-
tions. For instance, the doctor might
want to search all the data stored on
the cloud medical application to look for
people with a rare disease. The search
request she sends to the Web application
would contain an encrypted keyword
corresponding to the name of that dis-
ease. CryptDB could handle that request
if all the data were encrypted with the
same cryptographic key. The problem, of
course, is that different people’s records
willinevitably be encrypted with differ-
ent keys, so searching through the whole
set is normally impossible.

Mylar skirts the problem by distrib-
uting a shared encryption key to users

SPECTRUM.IEEE.ORG |

revious Page | Contents | Zoom'in"|"Zoom out"| Front Cover | SearchIssue | Next Page “ar:ags

THE WORLD'S NEWSSTAND®.

who want to share data. That must be
done carefully, to prevent a hacker from
tricking users into sharing data with a
server he controls.

To avoid that, Mylar includes a special
browser extension that verifies the code
downloaded from the server. The system
still works without it, but less securely.
Mylar also offers an identity-provider
service, which acts like a Web certificate
authority. (A Web certificate authority is
an entity that helps ensure that you are
connecting with the real thing when you
visit a website using https, the secure
version of hypertext transfer protocol.)

We have used Mylar to secure a vari-
ety of Web applications—for health care,
chats, forums, photo sharing, calendars,
and online courses. These experiments
showed that Mylar is fast: It increases
computation time by only 17 percent
on average.

Mylar has also been adopted in a real-
world application, one used at the Newton-
Wellesley Hospital, in Newton, Mass., to
collect information about women with
endometriosis, a painful abdominal dis-
order. At this very moment, Mylar is help-
ingto protect the privacy of these patients.

e are confident that com-
puting with encrypted
data, using systems like
CryptDB and Mylar, will
become one of the primary
strategies for protecting confidential
information stored in the cloud. And
this approach can protect more than
just data: It’s also been used to secure
cloud computers running linear alge-
braic operations, big-data analytics, and
machine-learning tools.

The security of information stored
online is a huge problem these days, and
computing on encrypted data could be
animportant part of the solution. It pro-
tects sensitive information against theft
for the simple reason that if even the
company holding the data has no idea
what the values mean, an attacker will
have nothing of value to steal.

POSTYOUR COMMENTS at http:/spectrum.
ieee.org/computation0815
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With a little DC wizardry

and a lot of’cash,

we could swap power
across continents’s

il By Clark W. Gellings
N

IR\ gl
T

REPORTS ABOUND OF HOMEOWNERS
and businesses unplugging from the power
grid and opting instead to generate-and store
their own electricity. Such grid defections " .
may make sense in places where electricity :
rates are sky-high or service is spotty. But for
just about everywhere else, it’s far more sen-
sible.to do theVery opposite: interconnéct
region'éﬂ ‘élqé icity networks to form a globe-
spanning s‘ﬂﬁefgrid. e What makes this

idea so compelling are the major strains on
today’s power grids: soaring energy demand
in fast-growing megacities; rapid expansion. -
of carbon-free but intermittent wind and
solar power; and the ever-increasing need

to secure grids against electronic and physi-
cal attacks. The smaller and more isolated a
power network is, the more difficult it is to
maintain the nearly instantaneous balance
between electricity supply and demand.
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But the technology now exists to transmit massive amounts of
electricity over long distances without significant losses, thereby
allowing operators to balance consumption and generation
across an entire continent—or, potentially, the globe. If an out-
age occurs in one country, the sudden change in line voltage and
frequency could trigger a generator thousands of kilometers
away to compensate for the shortfall. Similarly, if the wind in a
normally wind-dependent area dies, electricity from its neigh-
bors could quickly fill in. Or if one region is experiencing heavy
rainfall, hydroelectric dams there could capture the energy, to
send elsewhere as needed. A supergrid would ensure that all or
nearly all the electricity that’s generated would get consumed,
thus avoiding such wasteful practices as paying wind-farm oper-
ators to curtail production or dumping energy that’s not imme-
diately needed. (To be sure, storing excess energy would also
help avoid such problems, but large-scale economical energy
storage is still not widely available.)

In general, a global supergrid would allow power to be gen-
erated far from population centers. For instance, some of the
world’s best sunlight can be found in the sparsely populated
region south of Darwin, Australia, where it’s estimated that
all of that country’s energy needs could be supplied from a
solar farm the size of a cattle station. With an undersea link
to Southeast Asia, that electricity could also be dispatched to
countries like Indonesia, Papua New Guinea, and Singapore.
And with a supergrid in place, operators could significantly
scale back their spinning reserves—backup capacity that
they can tap if demand spikes but in practice is rarely used.
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FRENCH CONNECTION:

So what would it take to build a global supergrid? Tech-
nologically, it would hinge on a globe-encircling network of
high-voltage direct-current (HVDC) transmission systems,
most of the components of which already exist. Beyond that,
regional grid operators would need to agree on how to pay
for such a network, establish rules for trading the electric-
ity, and specify the technical codes and standards that will
allow the supergrid to operate safely, reliably, and securely.

HE ROOTS OF THE GLOBAL SUPERGRID stretch

back to the dawn of the power industry, when

the “war of the currents” raged between the

era’s two great inventors: Thomas Edison and

Nikola Tesla. In 1882, Edison demonstrated the
first commercial electric power plant, which was based on
direct current. But it was Tesla’s alternating current that
would rule the day.

In 1895 Tesla’s dream of generating electricity from Niagara
Falls was realized, and within a few years that energy was elec-
trifying New York City, 700 kilometers away, thereby proving
the superiority of the AC system. Well into the 20th century,
the world’s power systems were based on AC.
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The key to AC’s triumph was that power could be transformed
to higher voltages by use of magnetic induction and then sent
over long distances at low currents, minimizing the losses due
to resistance; at the destination, the system would reduce the
voltage for local distribution. At the time, there was no way to
do the same with DC. But power engineers also knew that a
DC system operating at high voltage would be superior to AC
for the same task, because the amount of electricity lost dur-
ing DC transmission would be far less than with AC.

How much less? Let’s say you’re transmitting a given amount
of power by high-voltage DC: When you double the voltage, you
need only half the current of a comparable AC system, thus
reducing your line losses by a factor of four. You also need a
lot less wire, because DC current penetrates the entire con-
ductor of a power line, whereas AC current remains largely
near the surface. Put another way, for the same conductor size,
the effective resistance is greater with AC, and more power
is lost as heat. In practice, that means the overall transmis-
sion infrastructure for AC far exceeds that for DC. To transmit
6,000 megawatts using a 765-kilovolt AC system, for instance,
you’d need three separate single-circuit transmission lines,
which would cut a right-of-way path about 180 meters wide.
Compare that with an 800-kV DC system, which would require
just one 80-meter-wide path.

HVDC also allows for the easy transfer of power between
grids that are operating at different frequencies. The con-
verters, cables, breakers, and other components for HVDC
are more expensive than those for AC, so it only makes eco-
nomic sense to use HVDC over distances of 500 km or more.
But that break-even distance has continued to come down as
the cost of DC components drops.

With these advantages in mind, power engineers experi-
mented with DC transmission technology throughout the 20th
century. The key building block for HVDC was and still is the
converter, located at either end of an HVDC line. It serves to
convert high-voltage AC to high-voltage DC and DC back to AC.
Through the 1960s, such converters relied on mercury-arc
valves, which were basically electronic switches that could
only be turned on and not off, thereby limiting their func-
tionality and resulting in substantial losses.

In the 1970s came the next advance in DC technology: water-
cooled thyristors, a type of giant solid-state switch that can be
turned on and off. The first ones were demonstrated in 1978
at the Nelson River HVDC Transmission System, which sent
power from hydroelectricity stations in northern Manitoba,
Canada, to the country’s populated south.

Since then, HVDC has spread only modestly in North Amer-
ica, but it has taken off in other parts of the world, most notably
Brazil, China, India, and Western Europe. Starting in the late
1990s, these newer HVDC deployments have relied on insulated
gate bipolar transistors (IGBTs), which are specialized transistors
that can be switched many times per cycle. In the latest IGBTSs,
the gates can open or close in less than a billionth of a second.

Today’s HVDC converters are known as voltage-source
converters (VSCs). Although traditional converters continue
to be used for higher-voltage, higher-capacity transmission,
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VSCs make it easier to integrate HVDC lines into existing net-
works. The VSC concept was first demonstrated in March
1997 between Hellsjon and Gringesberg, Sweden, at a mod-
est3MW and 10 kV. Five years later came the first sizable VSC
installation: the Cross-Sound Cable project in Long Island
Sound, between New York and Connecticut. That project had
a moderately high rating of 330 MW, but conversion losses
were also high, at 2.5 percent. With the latest VSCs such losses
have been cut to just 1 percent.

What’s more, it’s now possible to have multiple terminals
along a single HVDC line, so that you can tap into the line at
intermediate points, rather than just at the end. By moving
beyond point-to-point HVDC transmission, you’ll be able to
connect the lines into a mesh, which of course will be more
complicated to control but potentially more robust.

HAT OTHER TECHNOLOGIES will the global

supergrid need? One immediate need is fast-

reacting, large-capacity circuit breakers that

can handle short-circuit currents above

60 kiloamperes and respond to detected
faults within milliseconds. Three years ago, the Swiss com-
pany ABB announced a hybrid electromechanical breaker
that gets part of the way there. Earlier this year, Siemens
announced that it had successfully tested 5-kA breakers for
China’s Xiluodu-Jinhua HVDC line, which runs from Sichuan
province to Zhejiang province. Alstom has also reported a cir-
cuit breaker prototype in this range. But much more work is
needed to bring down the cost and size of these devices and
boost their performance.

In the longer term, power cables made from high-temperature
superconducting materials instead of copper or aluminum
would greatly accelerate the deployment of the global super-
grid because they can handle substantially higher power with
essentially zero losses. Although they do need to be cooled to
liquid-nitrogen temperatures—below 77 kelvins—the losses from
refrigeration and other sources are less than half those of con-
ventional AC and DC overhead transmission lines. And super-
conducting DC cable requires even smaller rights-of-way than
does HVDC with traditional cables. Several projects have dem-
onstrated superconducting cables over short distances, such as
the recently installed 500-meter, 80-kV DC line on the Korean
island of Jeju. At present, though, they’re still considerably more
expensive than conventional cable.

Another promising area involves advanced power electronics
made from materials other than silicon. Silicon’s abundance, low
cost, simple processing, and room-temperature operation have
made it the material of choice for power and other semiconduc-
tor devices, but research on novel materials such as silicon car-
bide and gallium nitride has shown real promise for the kind of
power switching required in HVDC networks. These wide band-
gap semiconductors can operate at higher temperatures than
standard silicon devices do, and they support higher currents
and higher voltages with less resistance. If they can be made
commercially viable, wide bandgap devices would both reduce
the cost and increase the functionality of HVDC converters.
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First Stepsto a
Global Supergrid

DESERTEC: First proposed by a
German-led consortiumin 2009,
this project aims to harvest solar
power in the Mediterranean and
other deserts of the world and use
HVDC to transmit the electricity to
population centers.

MEDGRID: Similar to Desertec,
this supergrid plan calls for
developing 20 gigawatts of

solar power generationin North
Africa, of which 5 GW would be
exported to Europe. The Medgrid
electricity network would become
the backbone of the European
supergrid.

To deliver
solarand wind resources from the
north and hydropower from the
south to cities inthe southeast,
China has installed the most
extensive network of high-voltage

AC and HVDC in the world. It’s now
expanding its transmission grid
with 13 to 20 new HVDC lines.

Also modeled
on Desertec, this project
would develop wind and solar
photovoltaic systems in the Gobi
Desertand deliver that power
using an HVDC grid that would
connectIrkutsk, Russia, inthe
north, with Shanghai and Seoul in
the south and Tokyo in the east.

SOUTHEAST ASIAN SUPER-
GRID: Thisgridis envisioned as
anundersea HVDC cable running
from the northern coast of Australia
along the Indonesian archipelago
and up into the Philippines, Malaysia,
and Indochina and then eventually
into China, with the aim of exporting
northern Australia’s abundant solar
resources to Southeast Asia.

This
proposed supergrid would
establish links between the
electricity grids of China, Japan,
Korea, Mongolia, and possibly
Russia. An underpinning of the
Asian supergridis to enable
free tradein electric power.
Masayoshi Son, CEO of Japan’s
Softbank, is said to be a key
proponent of this plan.

NORDIC GRID: By 2030

Northern Europe is expected

to see asubstantial increasein
renewable generation from wind
and hydropower. While many

of these countries are already
interconnected to each other,
further grid development will be
needed to export the surplus to the
rest of Europe and perhaps Russia.

NORTH SEA OFFSHORE
GRID: Similar to the Nordic grid,
this would harvest wind power
generated in the North and Baltic
Seas while opening broader
markets for those resources.

ICELINK: Thisisarecent
incarnation of a 60-year-old
ideato link Iceland’s power
system with that of Europe
through Scotland. Increasingly
high electricity prices in Europe
and more ambitious renewable

energy targets have revived
interestin this project.

To make use of hydropowerin

the country’sinterior, Brazil is
building a grid consisting of HVAC
and 600-kilovolt HVDC, including
the 2,385-kilometer-long Rio
Madeira transmission link, the
world’s longest.

HYDROGEN-ELECTRIC
ENERGY SUPERGRID:
Envisioned as a continent-wide
underground HVDC transmission
network, this supergrid would
rely on hydrogen-producing
advanced nuclear reactors. The
transmission line, made from
superconducting cable, would
carry electricity as well as
hydrogen to cool the cable. The
hydrogen would also provide
daytime energy storage for
leveling energy consumption
peaks. Excess hydrogen could be
soldinlocal electricity markets or
for commercial use.

ATLANTIC WIND CONNECTION:
This proposed offshore
transmission line would span the
mid-Atlantic region of the United
States from New Jersey to Virginia
to connect wind farms in federally
designated wind energy areas.

F YOU WERE TO BUILD A GLOBAL SUPERGRID, where
would you start? One obvious place would be China,
which is now the world leader in the development and
deployment of grid technology, in particular HVDC. The
country has begun to exploit its massive potential solar
and wind resources in the north and substantial hydropower
potential in the south. To deliver that approximately 1,300

gigawatts of generation to population and industrial centers
in the east and south, China has already installed the most
extensive network of high-voltage AC and HVDC in the world,
and over the next five years it plans to build another 13 to 20
ultra HVDC lines (in the 800-kV and 1100-kV range). Those
upgrades have not come cheap: In 2014 China spent US $65
billion on such projects, and it is expected to sustain that level
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of spending over at least the next five years. The International
Energy Agency estimates that China will need to spend more
than $4 trillion from now until 2040 to overhaul the way it
transmits and distributes electricity. Liangzhong Yao, vice
president of renewable energy and smart-grid technologies
at the China Electric Power Research Institute, has reported
that his group is also looking at the feasibility of an intercon-
tinental transmission grid to connect China with Europe, the
Middle East, and North Africa.

Another logical starting point for a global supergrid is
Europe, where the European Commission has been call-
ing for a pan-Europe supergrid since 2008. The planning
for such a grid is being led by the European Network of
Transmission System Operators for Electricity (ENTSO-E),
which represents 41 transmission system operators in 34
European countries.

The general idea is to build an HVDC grid that would con-
nect these European countries with neighboring regions,
including Kazakhstan, North Africa, and Turkey. A study by
Gregor Czish of Kassel University, in Germany, found that
with such a grid in place, Europe’s energy needs could be
supplied largely by wind power, with only modest amounts
of biomass generation as a supplement. An industry group
called Friends of the Supergrid has been vocal in promot-
ing the technology, regulation, and financing that would be
needed to pull off such an ambitious plan.

To date, anumber of key European HVDC interconnections
have been completed or reached advanced stages of plan-
ning, including the €10 billion project to connect Germany’s
energy-rich north with its energy-starved south, two others
to link Germany to Norway and Norway to Denmark, and
ajust-completed HVDC intertie between France and Spain.

To be sure, a global supergrid would require quite a bit more
infrastructure: by my estimate, roughly 100,000 km of HVDC
lines and 115 converter stations, based on planned projects
and assuming redundancy in some areas. A few of these sta-
tions would be “superstations,” such as the one envisioned
by the developers of the Tres Amigas project in New Mexico.
Tres Amigas is intended to connect North America’s three
primary grids (west, east, and Texas) and also provide some
energy storage. The global grid will need something similar
wherever large regional grids come together. (See “First Steps
to a Global Supergrid” for a list of proposed supergrid proj-
ects in Asia, Europe, and other parts of the world.)

Y FAR THE GREATEST HURDLE facing the global
supergrid is how to pay for it. It’s hard to attach
a firm number to such a vast and complicated
undertaking, but proponents point out that its
costs would be more than offset by its many
advantages. In a 2013 paper in the journal Renewable Energy,
Spyros Chatzivasileiadis, Damien Ernst, and Goran Andersson
looked at previous studies of supergrids as well as completed
projects to estimate what it would take to build an 800-kV,
3-GW undersea HVDC cable that’s 5,500 km long—about the
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length you’d need to connect New York City with Oporto,
Portugal. (At present, 800 kV is significantly beyond what’s
commercially available for submarine cables.) The authors
concluded that the cable itself would cost from €1.15 million
to €1.8 million per kilometer, and each terminal converter
would cost about €300 million. Assuming thermal losses of
3 percent and a 40-year lifetime, among other things, the
researchers estimated that transmitting electricity via such
a cable would run between €0.0166 and €0.0251 (US $0.0189
and $0.0286) per delivered kilowatt-hour; the comparable
figure for U.S. residential customers is about $0.011/kWh,
which covers transmission but not power generation. The
cost of the generated power with the HVDC supergrid would
almost certainly be much lower than what’s available today
because operators would be able to buy electricity from the
least expensive source.

For the countries of the world to organize and fund a global
supergrid, a strong international consensus for renewable
(and perhaps nuclear) energy will need to form. This could
be accelerated if a worldwide agreement could be reached
on taxing greenhouse-gas emissions so as to create a finan-
cial incentive for shifting to carbon-free energy. Government
funding will likely be needed to support the first segments
of the global supergrid, but once those are in place, a carbon
tax would help catalyze private-sector funding.

Beyond just the financing, governments and grid opera-
tors will need to agree on the rules for free trade in electric-
ity. Electricity trading through a wholesale market, perhaps
broken up into regions, would enable the kind of efficient
power flows a global supergrid would offer.

A major collaborative planning effort will also be needed
to bring together the existing grids and the planned regional
supergrids. As noted earlier, China and Europe are well along
in planning their HVDC networks. But in the United States, for
example, transmission planning remains largely a state-level
exercise, in part because states control land use and regulate
investor-owned utilities. Such technical and logistical deci-
sions as where to locate the supergrid’s points of connection,
how to configure the HVDC grid, what voltages to use, and
where and whether to use overhead or submarine systems
will all need to be hammered out.

Last but certainly not least, all parties will need to agree
on the technical specifications that will define the param-
eters of each transmission line, converter station, and gen-
erator so as to allow the global supergrid’s safe, reliable, and
stable operation.

So, yes, a global supergrid will cost a great deal and no doubt
take many decades to put in place. But obvious precedents
for such an undertaking already exist in the international
transportation and telecommunications sectors. And the
alternative—doing nothing and continuing to rely heavily on
fossil fuels and inefficient, disconnected power grids—will
cost even more.

POST YOUR COMMENTS at http:/spectrum.ieee.org/supergrid0815
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BUILDING BLOODHOUND

CONTINUED FROM PAGE 31

first, the engineers put wheels onto a trailer carrying 3.5 metric
tons of water to mimic the weight of the fully fueled car. The
team then pulled the trailer across the desert where the record
attempt will take place: Hakskeen Pan, in the northwestern cor-
ner of South Africa. Using a small truck as a tow vehicle, they
were able to get the trailer going up to about 60 km/h—good
enough for alow-speed test of the wheels’ ability to bear weight.

The engineers also put the wheels into a rig that Rolls-Royce
uses to test compressor discs for its jet engines. “Metal is a very
uniform material, and it can be modeled quite well,” says Holds-
worth. “We were monitoring the stretch at the rim and the
changes at the hub with alaser sensor rig, and the stretch that the
[finite-element analysis] predicted matched up with what we saw,
including the effects of the temperature rise from air friction.”

That agreement between measurements and modeling gave
Bloodhound’s designers greater confidence in their comput-
ers, which they’ve used to design all of the structural features
of the car, including its tail fin. “This is the hardest-working
tail fin in history,” says the engineering lead for mechanical
design, Mark Elvin. “Not the fastest necessarily, but relative
to a tail fin on a supersonic aircraft that flies at 45,000 feet,
it’s being pushed through treacle.”

Elvin and his colleagues are using a combination of finite-
element analysis and computational fluid dynamics (CFD),
which models airflow and predicts the stresses it will create
on the component. The results have given the team confidence
that this aluminum tail fin can stay the course.

Bloodhound’s entire structure—the titanium skin of the
upper chassis, which is supported on aluminum ribs; the
steel under chassis, designed to withstand a supersonic spray
of desert gravel and sand; the carbon-fiber monocoque that
surrounds the driver and forms the air intake for the EJ200—
is perforated with hundreds of millimeter-wide holes. These
tiny openings lead to pressure sensors fixed to the inner sur-
face of the skin. Other sensors include a network of strain
gauges placed at strategic points on the car’s structure.

These sensors will, in all, collect 197 channels of data as
Bloodhound runs, measuring the air pressure and the flex
of the body as the car skims over the desert. “The pressure
sensors are placed at zones of high transition, where the air-
flow changes direction,” says Holdsworth. “The sensors we’re
using are designed for aerospace, so they’re fine for pressures
well above what we’ll experience even at Mach 1.4, which is
about 12 tons per square meter at the front of the car.”

“We’ve even got pressure tappings inside the wheel wells,
because trying to use CFD to model the airflow around a
wheel spinning at 10,500 rpm—with air coming in from the
front, with debris getting flung up by the wheel—is very, very
difficult,” Elvin adds. Yet it’s critical that the engineers know
what’s going on. “We’ll be checking that the pressure stays
within the design limit, because if it doesn’t, the arch will crack
or burst, and all that air and debris will be flung rearwards,”
he says. To guard against such a calamity, Bloodhound is fit-
ted with panels strong enough to withstand the impact of a
fist-size fragment breaking off from a wheel.
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Computers will download all this
sensor data at the end of each run.
The engineers will then compare the
data with numerical simulations of
the car running at the same speed to
see ifthere are any discrepancies. “As
long as we’re close to what we expect,
we know we’ll be safe to increase the
speed in the next run,” says Elvin.

Ifthe pressure sensors show greater-
than-expected lift or downforce, for
example, going faster could make the
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car take off or dig itself into the desert
floor. To avoid this, the car’s two sets
of aerodynamic winglets can be reposi-

T

STEFAN MARJORAM

test our software,” Elvin explains.

1 IEEE

Qmagg
The data from Bloodhound’s strain
gauges will similarly be compared
with finite-element analysis strain
models. Discrepancies could well
indicate regions that need reinforce-
ment. One area where strain was a
major concern for Thrust SSC was the
steering: Green had to fling the steer-
ing wheel from side to side to keep the
HAND IN GLOVE: The steering wheel was car runningstraight, and at one point
formed of hollow titanium to fit Andy he wrenched the wheel off the steer-
Green’s hands. It is light, yet tough enough ing column entirely.
to take wild handling should the planned , . .
straight-arrow course go awry. Bloodhound’s steering wheel is
3-D-printed hollow titanium-light,
strong, and molded to fit Green’s hands;
tioned. “We have the option torunthem up ordownby 5degrees,” the team hopes this wheel will withstand anything, although
Elvin explains. But they won’t adjust automatically. Instead, the =~ Bloodhound is expected to track much straighter than Thrust
team will work out how the winglets should be positioned for  did. Green’s cockpit instruments include a display of his own
agiven speed, and the driver will dial in whatever is called for.  design that shows speed, distance, and time to the end of the
track. Constant calculation of speed and position, using GPS data
HRUST SSC USED SIMILAR sensor systems, and onboard sensors, will give Green a clear indication of when
although to a much lesser extent than Blood- he must trigger the rockets, air brakes, and parachutes. “I hit
hound. “In the early days, the Swansea Uni- thebuttons, and [ know I'll stop at the end of the track,” he says.
versity team reran the Thrust SSC pressure Green refers to the cockpit as his office. For a few minutes,
sensor data through our CFD software. it’llbethe fastest-moving workplace on the face of the earth. m
Because we knew that the data was good, we could use it to
POST YOUR COMMENTS at http:/spectrum.ieee.org/bloodhound0815
ROBOTIC END-EFFECTORS
Measure all six components of
force and torque in a compact,
rugged sensor.
|
Interface Structure—high-strength
alloy provides IPG0, IP65, and IP68
environmental protection as needed
Low-noise Electronics—interfaces for
Ethernet, PCI, USB, EtherNet/IP, PROFINET,
CAN, EtherCAT, Wireless, and more
Sensing Beams and Flexures—designed
for high stiffness and overload protection
The F/T Sensor outperforms traditional load cells, instantly providing P
all loading data in every axis. Engineered for high overload protection AT LS
and low noise, it's the ultimate force/torque sensor. Only from ATI. |
Engineered Products for Robotic Productivity
www.ati-ia.com/ift
919.772.0115
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NANYANG

RISE TO THE
OPPORTUNITY

with one of the world’s fastest-rising
universities. NTU.

School of Chemical and Biomedical Engineering
Nanyang Technological University, Singapore

Young and research-intensive, Nanyang Technological University (NTU
Singapore) is the fastest-rising university in the world’s Top 50 and ranked
39th globally. NTU is also placed 1st amongst the world’s best young
universities.

Tenure-Track Faculty Positions at the Associate/Assistant Professor
level

The School of Chemical and Biomedical Engineering (SCBE) invites
applicants to apply for tenure-track faculty positions at the Associate/
Assistant Professor level. Applicants should hold a Ph.D. in Chemical
Engineering, Bioengineering, Biomedical Engineering, Food Science
Technology and Engineering or a related field by the beginning of the
appointment period. Candidates with post-doctoral training would be
preferred.

The School is particularly interested in:

1) Chemical Engineering candidates with interests in Biochemical
Engineering, Synthetic Biology, Food Engineering, Chemical
Engineering Process, and Fluids and Colloids.

Bioengineering candidates with research interests in Biomaterials,
Bioimaging, Biosensors, Biodevices, Bionanotechnologies, Tissue
Engineering (musculoskeletal, neuron regeneration, etc), Rehabilitation
Neuro-Biomechanics and Translational Biomedical Engineering.

2

The candidate should have a demonstrated excellence in original
research, with good publication records and the ability to teach core
Chemical/Food Engineering and Bioengineering courses. Entrepreneurial
qualities are also sought after.

Responses received by 31 August 2015 would be given priority.

More information on SCBE is available at http://www.scbe.ntu.edu.sg

Emoluments and General Terms and Conditions of Service

The commencing salary will depend on the candidate’s qualifications,
experience and the level of appointment offered. Information on
emoluments and general terms and conditions of service is available
at: http://www.ntu.edu.sg/ohr/career/TermsandConditions/Pages/
FacultyPositions.aspx.

Application Procedure
Qualified candidates are invited to submit an application. Guidelines
for Submitting an Application for Faculty Appointment are available
at: http://www.ntu.edu.sg/ohr/career/submit-an-application/Pages/
Faculty-Positions.aspx.

The post applied for should be clearly stated. Electronic submission of
application is encouraged and can be forwarded to:

Chairman, Search Committee

School of Chemical and Biomedical Engineering

Nanyang Technological University

E-mail: scbe_recruit@ntu.edu.sg

|
www.ntu.edu.sg

Faculty Positions in Robotics N
and Mechatronics @
NAZARBAYEV
UNIVERSITY

Nazarbayev University is seeking highly qualified
full-time faculty members at the Assistant, Associate
and Full Professor levels to join its rapidly growing
program in Robotics and Mechatronics in the School
of Science and Technology. Successful candidates must have a Ph.D. degree from a
reputed research university, a demonstrated ability for research, excellent English-
language communication skills and a commitment to graduate and undergraduate
teaching and program development.

Launched in 2010 as the premier national university of Kazakhstan, NU’s mandate
is to promote the emergence of Astana as the research and educational center of
Eurasia. The strategic development of this English-language university is based
on the Western model via partnerships with top ranking world universities. The
university is committed to be a world-class research university and has made
significant investments in research infrastructure, equipment and personnel.

Applications are particularly encouraged from candidates with expertise and
research interests in the areas of medical robotics, unmanned aerial vehicles,
sensor fusion, and mechanical systems design and control. Exceptional candidates
with research interests in the broader field of Robotics and Mechatronics are also
encouraged to apply.

Benefits include an internationally competitive salary, international health care
coverage, free housing (based on family size and rank), child educational
allowance, and home-leave travel twice per year.

Applicants should send a detailed CV, teaching and research statements, and list of
publications to sst@nu.edu.kz. Review of applications will begin immediately but
full consideration will be given to applications submitted no later than September
1st, 2015. Successful appointments are expected to begin on January 4th, 2016.
For more information please visit http://sst.nu.edu.kz.

The South University of Science and
Technology (SUSTC)

Professor/Associate Professor/Assistant
Professorship in Computer Science

The University

The South University of Science and Technology (SUSTC) is a public institution
funded by the municipal of Shenzhen, a special economic zone city in China.
Shenzhen is a major city located in Southern China, situated immediately north
of Hong Kong. Shenzhen is China’s fast-growing city in the past two decades. The
city is the high-tech and manufacturing hub of southern China. Shenzhen is also a
popular tourist destination and was named one of the world’s 31 must-see tourist
destinations in 2010 by The New York Times.

SUSTC is a pioneer in higher education reform in China. The mission of the
University is to become a globally recognized institution which emphasizes
academic excellence and promotes innovation, creativity and entrepreneurship.
The teaching language at SUSTC is bilingual, either English or Putonghua.

Call for Application

SUSTC now invites applications for the faculty position in Computer Science
Department. These positions are full time posts. SUSTC adopts the tenure track
system, which offers the recruited faculty members a clearly defined career path.

Candidates should have demonstrated excellence in research and a strong
commitment to teaching. A doctoral degree is required at the time of appointment.
Candidates for senior positions must have an established record of research, and a
track-record in securing external funding as PI.

To apply, please send curriculum vitae, description of research interests, statement
on teaching and at least three letters of recommendation to cshire@sustc.edu.cn.

STC offers competitive salaries and fringe benefits, which are among the best in
China. More information can be found at http://www.sustc.edu.cn/en.
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‘ ||= Joint Institute of Engineering

Faculty Positions available in Electrical and Computer Engineering

Sun Yat-sen University and Carnegie Mellon University have established the SYSU-
CMU Joint Institute of Engineering (JIE) as a conduit for innovative engineering
education and research. Our mission is to nurture a passionate and collaborative global
community and network of students, faculty and professionals advancing the field of
engineering through education and research.

The JIE enrolled its first cohort of dual-degree M.S. and Ph.D. students in Electrical

and Computer Engineering in fall 2014. All current JIE faculty members have been
recruited worldwide and we continue to seek full-time tenure-track faculty in all
areas of electrical and computer engineering. Candidates should have a doctoral
degree in electrical and computer engineering, computer science or related areas,
with a demonstrated record of or potential for research, teaching and leadership. The
position includes an initial year at Carnegie Mellon University in Pittsburgh to establish
educational and research collaborations before relocating to Guangzhou, China.

This is a worldwide search open to qualified candidates of all nationalities. We offer an
internationally competitive compensation package.

Please visit jie.cmu.edu for details and to apply online.

SHUNDE INTERNATIONAL

Joint Research Institute

Research positions available in Electrical and Computer Engineering

SYSU-CMU Shunde International Joint Research Institute (JRI) is located in Shunde,
China. Supported by the provincial government and industry, JRI aims to form high-
level teams of innovation, research and development, transfer research outcomes into
products, develop advanced technology, promote industrial development and facilitate
China’s transition from labor-intensive industries to technology-intensive and creative
industries.

JRI is seeking full-time research faculty and research staff who have an interest in the
industrialization of science research, targeting electrical and computer engineering or
related areas.

Candidates with industrial experiences are preferred. Application review will continue
until the position is filled.

Applicants should include a full CV, three to five professional references, a statement of
research and teaching interests and copies of up to five research papers.

Email applications or questions to sdjri@mail.sysu.edu.cn.

Carnegie Mellon University
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SCHOOL OF MEDICINE

CASE WESTERN RESERVE
UNIVERSITY
Assistant/Associate Professor
Tenure-Track Faculty Position in Informatics
for Image Guided Interventions
Case Western Reserve University School of Medicine
Department of Biomedical Engineering

The Department of Biomedical Engineering in the School of Medicine and the Case School of Engineering at Case Western
Reserve University invites applications for a tenure-track faculty position in the area of informatics in image guided
interventions at the level of Assistant or Associate Professor. Candidates should have a doctorate and post-doctoral research
experience in computer science, electrical engineering, biomedical engineering or a closely related field, an outstanding
record of research achievements, and ability to contribute to the departmental educational mission. Physician scientists are
strongly encouraged to apply. Faculty in this position will have the opportunity to build upon the existing CWRU strengths
in related methodologies of computer aided diagnosis, imaging methodology, multi-modal image fusion for treatment
targeting, monitoring, and evaluation. Representative areas for IGI research include directing and evaluating radiofrequency
ablation, deep brain stimulation, and image guided drug delivery. Opportunities exist for interdisciplinary, inter-institutional,
and integrative research in the areas of surgery, radiology, cardiovascular disease, urology, neurosurgery, and radiation
oncology. Preference will be given to candidates with a record of national funding and strong interest in translational and
team science based research. The successful candidate will have a primary appointment in the Department of Biomedical
Engineering in the School of Medicine.

Please send curriculum vitae, a list of three or more references, and a cover letter outlining your research interests
electronically to: igi-facultysearch@case.edu. Please include “Image Guided Interventions Faculty Search” in the subject
line.

In employment, as in education, Case Western Reserve University is committed to Equal Opportunity and Diversity.
Women, veterans, members of underrepresented minority groups, and individuals with disabilities are encouraged to
apply. Case Western Reserve University provides reasonable accommodations to applicants with disabilities. Applicants
requiring a reasonable accommodation for any part of the application and hiring process should contact the Office of
Inclusion, Diversity and Equal Opportunity at 216-368-8877 to request reasonable accommodation. Determinations as
to granting reasonable accommodations for any applicant will be made on a case-by-case basis.

MIT LINCOLN

include:

of innovation and
service to the nation

More than 700 patents have been granted for
technologies developed by the Laboratory’s staff.
And in the past two years, Lincoln Laboratory has
been awarded six R&D 100 Awards that recognize
the year’s 100 most technologically significant
innovations.

Aerospace or Mechanical
Engineering

Algorithm Development
Applied Math

Circuit Design and Laser
Development

Computer Engineering

If you'd like to contribute to U.S national security
in an environment of remarkable innovation — then
begin your career at MIT Lincoln Laboratory.

Computer Science and SW
Engineering

For more information on our current Cyber Security
opportunities, please visit

www.ll.mit.edu/employment

MIT Lincoln Laboratory is an Equal Employment Opportunity (EEQ)
employer. All qualified applicants will receive consideration for
employment and will not be discriminated against on the basis of
race, color, religion, sex, sexual orientation, gender identity, national
origin, age, veteran status, disability status, or genetic information.
Due to the unique nature of our work, we require U.S citizenship.

LINCOLN LABORATORY
@ MASSACHUSETTS INSTITUTE OF TECHNOLOGY

244 Wood Street, Lexington, MA 02420-9108

Digital Signal Processing
Electrical Engineering

Machine Learning and
Computer Vision

Modeling and Systems
Architecture

Physics

All positions are located
in Lexington, MA.
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PROFESSORS-RESEARCHERS

DEVICE ARCHITECTURE — DESIGN — PROTOTYPING/FABRICATION — INTEGRATION (AP 15-02)
CENTRE ENERGIE MATERIAUX TELECOMMUNICATIONS (four tenure-track positions)

SUMMARY

Institut national de la recherche scientifique (INRS) is a graduate and post-graduate research and training university. One of Canada’s leading
research universities in terms of grants per professor, INRS brings together some 150 professors and more than 700 students and postdoctoral
fellows in its centers in Montreal, Quebec City, Laval, and Varennes. Conducting fundamental research essential to the advancement of science
in Quebec as well as internationally, INRS research teams also play a critical role in developing concrete solutions to problems facing our society.

The Centre Energie Matériaux Télécommunications seeks to fill four tenure-track positions of professors-researchers in device architecture,
device design, device prototyping/fabrication, and device integration. The successful candidates will join a vibrant environment where about forty
professors-researchers undertake leading-edge research and training in diverse fields of energy, materials, photonics and telecommunications.
The Centre is currently located on two sites, in the city of Montreal and in Varennes (South Shore of Montréal).

The Centre hosts unique major research facilities including the Advanced Laser Light Source (ALLS) and the Laboratory of Micro and
Nanofabrication (LMN) that form the Infrastructure of Nanostructures and Femtoscience (http://Imn.emt.inrs.ca/EN/inf.htm), and the
Microwave and Wireless Laboratories. In addition to the availability of these unique facilities, we offer competitive start-up packages.

We seek to hire the best candidates with advanced expertise in device architecture, device design, device prototyping/fabrication and device
integration, as well as in device testing and optimization at the component-, link- and system-levels. Technologies of interest include electronic,
optical/photonic, optoelectronic, radio-frequency (RF), and acoustic/ultrasound devices for applications aimed at, but not limited to: sensing;
metrology; telecommunications; control and automation; energy conversion saving, transfer, and storage; health; transport; etc.

The chosen candidates are expected to establish collaborations with research teams already in place, while developing or maintaining national
and international partnerships outside the Centre. They will have the opportunity to bridge our expertise and established activities in advanced
materials, photonics and telecommunication and energy systems.

REQUIREMENTS
* A Ph.D. degree in an appropriate field (electrical engineering, engineering physics or related).
e An outstanding record of research accomplishments that will enable her/him to successfully develop a strong, independent and externally
funded research program.
e The aptitude for supervising graduate students and postdoctoral fellows and teaching graduate level courses.
e The ability to work in a multidisciplinary team and within research networks.
e The background and aptitude to collaborate with industrial partners and build long term partnerships.

Working language
e French is the working language of the Institute. Fluency in English is required.
Candidates whose native language is not French are encouraged to apply. The Centre will provide them with all the resources necessary
to facilitate their learning of the French language.
PLACE OF EMPLOYMENT

Montréal or Varennes (South Shore of Montréal)
SALARY
In accordance with the collective agreement in effect at INRS.

HOW TO APPLY?

Interested applicants must forward, by email and registered mail, a complete curriculum vitee, a copy of their three most significant publications,
a two to three page summary of their research interests, a statement of teaching philosophy, as well as the names and contact information of
three referees, by September 30, 2015, indicating the position number AP 15-02:

Dr. Federico Rosei, Professor and Director Note: Only shortlisted candidates will be contacted.
Centre Energie Matériaux Télécommunications Interviews are expected to take place during the autumn
1650, boul. Lionel-Boulet, Varennes (Québec) J3X 152 term of the 2015-2016 academic year. These positions

. . are to be filled in the 2015-2016 academic year.
rosei@emt.inrs.ca

INRS is committed to equity in employment and diversity.

INRS welcomes applications from indigenous people, visible minorities, ethnic minorities,
persons with disabilities, women, persons of minority sexual orientations.

Priority is given to Canadian citizens and residents.

UNIVERSITE DE RECHERCHE
WWW.INRS.CA A RESEARCH UNIVERSITY
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In the 1960s, AT&T and its manufacturing and, most damning, general dislike. The
BEFO RE FAGETIME subsidiary, Western Electric Co.,became Picturephone was, by default, always on, and

convinced that the next big thing would be peoplejust did not want to be seen all the time.
UR SKYPE avideo telephone on every desk. With great Theirony, of course, is that today’s consumers

r fanfare, AT&T launched the first Picturephone most definitely do like to be seen, so long as

THERE WAS THE service in 1970, confidently predictinga they can choose when that happens. Through

million sets in use within the decade. But the free services such as FaceTime and Skype,

offering was a spectacular flop. Its failure can video telephony is now readily available, albeit
PIGTUREPHUNE be variously attributed to networking issues on computers and smartphones, rather than

(it only worked if the person you were calling dedicated sets operated as part of a wired

also had one); high cost (alease was US $160 telephone network.

amonth—about $970 in today’s dollars); —SHELDON HOCHHEISER

\
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