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China is expected to soon mete out its
brand of justice against Wang Lijun, the
police official whose former boss was
the powerful Bo Xilai. PAGE 6 
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In some drought areas, thousands of
horses are having to fend for them-
selves, abandoned by people who can no
longer afford to feed them. PAGE 14 
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Horses Fall Victim to Drought
Jonathan Hargett was once thought to
be the first point guard who might jump
from high school to the N.B.A. Instead
he is finishing a prison sentence. PAGE 1
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By JAMES RISEN
and DURAID ADNAN

WASHINGTON — When Pres-
ident Obama announced last
month that he was barring a
Baghdad bank from any dealings
with the American banking sys-
tem, it was a rare acknowledg-
ment of a delicate problem facing
the administration in a country
that American troops just left: for
months, Iraq has been helping
Iran skirt economic sanctions im-
posed on Tehran because of its
nuclear program. 

The little-known bank singled
out by the United States, the Elaf
Islamic Bank, is only part of a
network of financial institutions
and oil-smuggling operations
that, according to current and
former American and Iraqi gov-
ernment officials and experts on
the Iraqi banking sector, has pro-
vided Iran with a crucial flow of
dollars at a time when sanctions
are squeezing its economy. 

The Obama administration is
not eager for a public showdown
with the government of Prime
Minister Nuri Kamal al-Maliki
over Iran just eight months after
the last American troops with-
drew from Baghdad.

Still, the administration has
held private talks with Iraqi offi-
cials to complain about specific
instances of financial and logis-
tical ties between the countries,
officials say, although they do not
regard all trade between them as
illegal or, as in the case of smug-
gling, as something completely
new. In one recent instance,
when American officials learned
that the Iraqi government was
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By SIMON ROMERO

BUENOS AIRES — The cafe,
just north of a leafy district af-
fectionately nicknamed Villa
Freud, was almost empty. Rober-
to Álvarez sipped his espresso,
furrowed his brow and began
ticking off the names of psychol-
ogists he had seen over the past
decade. He stopped counting
only when he noticed that he was
running short of fingers. 

“Let me tell you something
about us Argentines,” said Mr.
Álvarez, a 51-year-old construc-
tion worker, after a tangent on
Jacques Lacan, the famous

French psychoanalyst who some-
times conducted sessions with
patients in taxicabs. “When it
comes to choosing a psycholo-
gist, we are like women search-
ing for the perfect perfume. We
try a bit of this and a bit of that
before eventually arriving at the
right fit.” 

Indeed, Argentines often man-
age a smile upon hearing that
psychoanalysis has been on the
wane in the United States and
other countries, rivaled by treat-
ments that offer shorter-term
and often cheaper results than
years invested in sessions of
soul-searching. Even as Argen-
tines grapple with high inflation

and an economic slowdown,
many seem to know precisely
what they want (at least in one
area of their lives): psychoanaly-
sis, and plenty of it.

The number of practicing psy-
chologists in Argentina has been
surging, to 196 per 100,000 people
last year, according to a study by
Modesto Alonso, a psychologist
and researcher, from 145 per
100,000 people in 2008. That com-
pares with about 27 psychologists
per 100,000 people in the United
States, according to the Ameri-
can Psychological Association. 

Those numbers make Argenti-
na — a country still brooding

Do Argentines Need Therapy? Pull Up a Couch
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The interest in psychology in Argentina is reflected in the popu-
larity of a play in Buenos Aires, “Freud’s Last Session.”Continued on Page 10

By RICHARD A. OPPEL Jr.
and GRAHAM BOWLEY

KABUL, Afghanistan — After
months of military leaders’ at-
tempts to tamp down worries
over the killings of American and
NATO troops by the Afghan
forces serving beside them, Gen.
John R. Allen, the top command-
er in Afghanistan, called an ur-
gent meeting of his generals last
Wednesday to address the esca-
lating death toll.

In a room crowded with more
than 40 commanders, the general
underscored the need to quickly
stop the bloodletting that is sap-
ping morale, according to NATO
officials, part of a new emphasis
on protecting American and
NATO forces after a spate of at-
tacks that included the killing of
six Marine trainers this month.

In one of a series of recent
steps, the military decreed that
American and NATO service
members should always carry a
loaded magazine in their weap-
ons, to save precious moments if
attacked by Afghan forces. An-
other initiative, now a priority, is
a program named “Guardian An-
gel” that calls for one or two sol-
diers to monitor the Afghans dur-
ing every mission or meeting, of-
ficials say.

The “angels,” whose identities
are not disclosed to the Afghans,
must be prepared to fire on any-
one who tries to kill a coalition
service member.

The military has also analyzed
the attacks. But the results have
been worrisome. Only a handful
of the 31 attacks this year have
clearly been a result of Taliban
activity like infiltration. That sug-
gests a level of malaise or anger
within the Afghan forces that
could complicate NATO’s train-
ing program, which relies on
trust and cooperation.

The stepped-up efforts to stop
the attacks are indications of how
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Urgent Steps to Curb
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By JOHN MARKOFF

DRACHTEN, the Netherlands
— At the Philips Electronics fac-
tory on the coast of China, hun-
dreds of workers use their hands
and specialized tools to assemble
electric shavers. That is the old
way. 

At a sister factory here in the
Dutch countryside, 128 robot
arms do the same work with
yoga-like flexibility. Video cam-
eras guide them through feats
well beyond the capability of the
most dexterous human. 

One robot arm endlessly forms
three perfect bends in two con-
nector wires and slips them into
holes almost too small for the eye
to see. The arms work so fast that
they must be enclosed in glass
cages to prevent the people su-
pervising them from being in-
jured. And they do it all without a
coffee break — three shifts a day,
365 days a year.

All told, the factory here has
several dozen workers per shift,
about a tenth as many as the
plant in the Chinese city of Zhu-
hai. 

This is the future. A new wave
of robots, far more adept than
those now commonly used by
automakers and other heavy
manufacturers, are replacing
workers around the world in both
manufacturing and distribution.
Factories like the one here in the

Netherlands are a striking coun-
terpoint to those used by Apple
and other consumer electronics
giants, which employ hundreds of
thousands of low-skilled workers.

“With these machines, we can
make any consumer device in the
world,” said Binne Visser, an
electrical engineer who manages
the Philips assembly line in
Drachten.

Many industry executives and
technology experts say Philips’s
approach is gaining ground on
Apple’s. Even as Foxconn, Ap-
ple’s iPhone manufacturer, con-
tinues to build new plants and
hire thousands of additional
workers to make smartphones, it
plans to install more than a mil-

lion robots within a few years to
supplement its work force in Chi-
na.

Foxconn has not disclosed how
many workers will be displaced
or when. But its chairman, Terry
Gou, has publicly endorsed a
growing use of robots. Speaking
of his more than one million em-
ployees worldwide, he said in
January, according to the official
Xinhua news agency: “As human
beings are also animals, to man-
age one million animals gives me
a headache.”

The falling costs and growing
sophistication of robots have
touched off a renewed debate
among economists and technolo-
gists over how quickly jobs will
be lost. This year, Erik Bryn-
jolfsson and Andrew McAfee,
economists at the Massachusetts
Institute of Technology, made the
case for a rapid transformation.
“The pace and scale of this en-
croachment into human skills is
relatively recent and has pro-
found economic implications,”
they wrote in their book, “Race
Against the Machine.”

In their minds, the advent of
low-cost automation foretells
changes on the scale of the revo-
lution in agricultural technology
over the last century, when farm-
ing employment in the United
States fell from 40 percent of the
work force to about 2 percent to-

Skilled Work, Without the Worker
New Wave of Deft Robots Is Changing Global Industry

LIANNE MILTON FOR THE NEW YORK TIMES

A robot stacking solar panels
at a factory in Milpitas, Calif.
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By MICHAEL BARBARO

It was supposed to be a 15-
minute courtesy visit from a Re-
publican with big presidential as-
pirations to a rising star in Con-
gress with big ideas about how to
address the nation’s fiscal prob-
lems. 

Mitt Romney, who had just left
office as governor of Massachu-
setts and was moving to the right
on issues like abortion, was be-
ginning to immerse himself in
federal budget policy. Represent-
ative Paul D. Ryan of Wisconsin,
who on that day in early 2007 had
just become the top Republican
on the House Budget Committee,
was promoting a small-govern-
ment libertarianism that within a
few years would become Repub-
lican Party orthodoxy. 

Inside the Longworth House
Office Building, 15 minutes
turned into an hour as the two
men traded theories about how to
overhaul Medicare, Social Securi-
ty and the tax code, a pair of pol-
icy mavens out-geeking each oth-
er over esoterica like border-ad-
justable taxes. “We went deep
into the weeds,” Mr. Ryan re-
called in an interview. 

It was the start of a on-again,
off-again five-year courtship that
encapsulated their party’s grad-
ual adoption of a more conserva-

The Courtship
Before Romney
Elevated Ryan

BRENDAN HOFFMAN FOR THE NEW YORK TIMES

HE HAS HER VOTE Representative Paul D. Ryan appeared with his mother, Betty Ryan Douglas, in Florida on Saturday. Page 16.

Continued on Page 16

The e-score, a calculation quietly made
about consumers online, is assuming an
increasingly important, and controver-
sial, role in e-commerce. PAGE 1
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Credit Score for Web Shoppers

By STEPHANIE STROM

Don Barrett, a Mississippi law-
yer, took in hundreds of millions
of dollars a decade ago after su-
ing Big Tobacco and winning
record settlements from R. J.
Reynolds, Philip Morris and oth-
er cigarette makers. So did Wal-
ter Umphrey, Dewitt M. Lovelace
and Stuart and Carol Nelkin.

Ever since, the lawyers have

been searching for big paydays in
business, scoring more modest
wins against car companies, drug
makers, brokerage firms and in-
surers. Now, they have found the
next target: food manufacturers.

More than a dozen lawyers
who took on the tobacco compa-
nies have filed 25 cases against
industry players like ConAgra
Foods, PepsiCo, Heinz, General
Mills and Chobani that stock pan-
try shelves and refrigerators
across America.

The suits, filed over the last
four months, assert that food
makers are misleading consum-
ers and violating federal regula-
tions by wrongly labeling prod-
ucts and ingredients. While there
has been a barrage of litigation
against the industry in recent
years, the tobacco lawyers are
moving particularly aggressive-
ly. They are asking a federal
court in California to halt ConA-
gra’s sales of Pam cooking spray,
Swiss Miss cocoa products and
some Hunt’s canned tomatoes.

“It’s a crime — and that makes
it a crime to sell it,” said Mr. Bar-
rett, citing what he contends is
the mislabeling of those products.
“That means these products 

After Tobacco, Lawyers Set
Their Sights on Food Industry

Continued on Page 4

Today, mostly sunny, pleasant,
high 82. Tonight, increasing cloud-
iness, low 66. Tomorrow, variable
cloudiness, showers and thunder-
storms, high 79. Details, Page 19.
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DRACHTEN, The Netherlands 

AT the Philips Electronics factory on the 
coast of China, hundreds of workers use 
their hands and specialized tools to as-

semble electric shavers. That is the old way.
At a sister factory here in the Dutch coun-

tryside, 128 robot arms do the same work with 
yoga-like flex-
ibility. Video cam-
eras guide them 
through feats well 
beyond the capa-

bility of the most dexterous human.
One robot arm endlessly forms three per-

fect bends in two connector wires and slips 
them into holes almost too small for the eye to 
see. The arms work so fast that 
they must be enclosed in glass 
cages to prevent the people su-
pervising them from being in-
jured. And they do it all without a 
coffee break — three shifts a day, 
365 days a year.

All told, the factory here has 
several dozen workers per shift, 
about a tenth as many as the 
plant in the Chinese city of Zhu-
hai.

This is the future. A new 
wave of robots, far more adept than those now 
commonly used by automakers and other heavy 
manufacturers, are replacing workers around 
the world in both manufacturing and distribu-
tion. Factories like the one here in the Nether-
lands are a striking counterpoint to those used 
by Apple and other consumer electronics gi-
ants, which employ hundreds of thousands of 
low-skilled workers.

“With these machines, we can make any 

consumer device in the world,” said Binne Viss-
er, an electrical engineer who manages the Phil-
ips assembly line in Drachten.

Many industry executives and technol-
ogy experts say Philips’s approach is gaining 
ground on Apple’s. Even as Foxconn, Apple’s 
iPhone manufacturer, continues to build new 
plants and hire thousands of additional workers 
to make smartphones, it plans to install more 
than a million robots within a few years to sup-
plement its work force in China.

Foxconn has not disclosed how many work-
ers will be displaced or when. But its chairman, 
Terry Gou, has publicly endorsed a growing use 
of robots. Speaking of his more than one mil-
lion employees worldwide, he said in January, 

according to the official Xinhua 
news agency: “As human be-
ings are also animals, to man-
age one million animals gives 
me a headache.”

The falling costs and grow-
ing sophistication of robots 
have touched off a renewed 
debate among economists and 
technologists over how quick-
ly jobs will be lost. This year, 
Erik Brynjolfsson and Andrew 
McAfee, economists at the Mas-

sachusetts Institute of Technology, made the 
case for a rapid transformation. “The pace and 
scale of this encroachment into human skills is 
relatively recent and has profound economic 
implications,” they wrote in their book, “Race 
Against the Machine.”

In their minds, the advent of low-cost au-
tomation foretells changes on the scale of the 
revolution in agricultural technology over the 
last century, when farming employment in the 
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By JAMES RISEN
and DURAID ADNAN

WASHINGTON — When Pres-
ident Obama announced last
month that he was barring a
Baghdad bank from any dealings
with the American banking sys-
tem, it was a rare acknowledg-
ment of a delicate problem facing
the administration in a country
that American troops just left: for
months, Iraq has been helping
Iran skirt economic sanctions im-
posed on Tehran because of its
nuclear program. 

The little-known bank singled
out by the United States, the Elaf
Islamic Bank, is only part of a
network of financial institutions
and oil-smuggling operations
that, according to current and
former American and Iraqi gov-
ernment officials and experts on
the Iraqi banking sector, has pro-
vided Iran with a crucial flow of
dollars at a time when sanctions
are squeezing its economy. 

The Obama administration is
not eager for a public showdown
with the government of Prime
Minister Nuri Kamal al-Maliki
over Iran just eight months after
the last American troops with-
drew from Baghdad.

Still, the administration has
held private talks with Iraqi offi-
cials to complain about specific
instances of financial and logis-
tical ties between the countries,
officials say, although they do not
regard all trade between them as
illegal or, as in the case of smug-
gling, as something completely
new. In one recent instance,
when American officials learned
that the Iraqi government was
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By SIMON ROMERO

BUENOS AIRES — The cafe,
just north of a leafy district af-
fectionately nicknamed Villa
Freud, was almost empty. Rober-
to Álvarez sipped his espresso,
furrowed his brow and began
ticking off the names of psychol-
ogists he had seen over the past
decade. He stopped counting
only when he noticed that he was
running short of fingers. 

“Let me tell you something
about us Argentines,” said Mr.
Álvarez, a 51-year-old construc-
tion worker, after a tangent on
Jacques Lacan, the famous

French psychoanalyst who some-
times conducted sessions with
patients in taxicabs. “When it
comes to choosing a psycholo-
gist, we are like women search-
ing for the perfect perfume. We
try a bit of this and a bit of that
before eventually arriving at the
right fit.” 

Indeed, Argentines often man-
age a smile upon hearing that
psychoanalysis has been on the
wane in the United States and
other countries, rivaled by treat-
ments that offer shorter-term
and often cheaper results than
years invested in sessions of
soul-searching. Even as Argen-
tines grapple with high inflation

and an economic slowdown,
many seem to know precisely
what they want (at least in one
area of their lives): psychoanaly-
sis, and plenty of it.

The number of practicing psy-
chologists in Argentina has been
surging, to 196 per 100,000 people
last year, according to a study by
Modesto Alonso, a psychologist
and researcher, from 145 per
100,000 people in 2008. That com-
pares with about 27 psychologists
per 100,000 people in the United
States, according to the Ameri-
can Psychological Association. 

Those numbers make Argenti-
na — a country still brooding

Do Argentines Need Therapy? Pull Up a Couch
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The interest in psychology in Argentina is reflected in the popu-
larity of a play in Buenos Aires, “Freud’s Last Session.”Continued on Page 10

By RICHARD A. OPPEL Jr.
and GRAHAM BOWLEY

KABUL, Afghanistan — After
months of military leaders’ at-
tempts to tamp down worries
over the killings of American and
NATO troops by the Afghan
forces serving beside them, Gen.
John R. Allen, the top command-
er in Afghanistan, called an ur-
gent meeting of his generals last
Wednesday to address the esca-
lating death toll.

In a room crowded with more
than 40 commanders, the general
underscored the need to quickly
stop the bloodletting that is sap-
ping morale, according to NATO
officials, part of a new emphasis
on protecting American and
NATO forces after a spate of at-
tacks that included the killing of
six Marine trainers this month.

In one of a series of recent
steps, the military decreed that
American and NATO service
members should always carry a
loaded magazine in their weap-
ons, to save precious moments if
attacked by Afghan forces. An-
other initiative, now a priority, is
a program named “Guardian An-
gel” that calls for one or two sol-
diers to monitor the Afghans dur-
ing every mission or meeting, of-
ficials say.

The “angels,” whose identities
are not disclosed to the Afghans,
must be prepared to fire on any-
one who tries to kill a coalition
service member.

The military has also analyzed
the attacks. But the results have
been worrisome. Only a handful
of the 31 attacks this year have
clearly been a result of Taliban
activity like infiltration. That sug-
gests a level of malaise or anger
within the Afghan forces that
could complicate NATO’s train-
ing program, which relies on
trust and cooperation.

The stepped-up efforts to stop
the attacks are indications of how

AfghanAttacks
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Urgent Steps to Curb
Killings by Allies 

Continued on Page 4

By JOHN MARKOFF

DRACHTEN, the Netherlands
— At the Philips Electronics fac-
tory on the coast of China, hun-
dreds of workers use their hands
and specialized tools to assemble
electric shavers. That is the old
way. 

At a sister factory here in the
Dutch countryside, 128 robot
arms do the same work with
yoga-like flexibility. Video cam-
eras guide them through feats
well beyond the capability of the
most dexterous human. 

One robot arm endlessly forms
three perfect bends in two con-
nector wires and slips them into
holes almost too small for the eye
to see. The arms work so fast that
they must be enclosed in glass
cages to prevent the people su-
pervising them from being in-
jured. And they do it all without a
coffee break — three shifts a day,
365 days a year.

All told, the factory here has
several dozen workers per shift,
about a tenth as many as the
plant in the Chinese city of Zhu-
hai. 

This is the future. A new wave
of robots, far more adept than
those now commonly used by
automakers and other heavy
manufacturers, are replacing
workers around the world in both
manufacturing and distribution.
Factories like the one here in the

Netherlands are a striking coun-
terpoint to those used by Apple
and other consumer electronics
giants, which employ hundreds of
thousands of low-skilled workers.

“With these machines, we can
make any consumer device in the
world,” said Binne Visser, an
electrical engineer who manages
the Philips assembly line in
Drachten.

Many industry executives and
technology experts say Philips’s
approach is gaining ground on
Apple’s. Even as Foxconn, Ap-
ple’s iPhone manufacturer, con-
tinues to build new plants and
hire thousands of additional
workers to make smartphones, it
plans to install more than a mil-

lion robots within a few years to
supplement its work force in Chi-
na.

Foxconn has not disclosed how
many workers will be displaced
or when. But its chairman, Terry
Gou, has publicly endorsed a
growing use of robots. Speaking
of his more than one million em-
ployees worldwide, he said in
January, according to the official
Xinhua news agency: “As human
beings are also animals, to man-
age one million animals gives me
a headache.”

The falling costs and growing
sophistication of robots have
touched off a renewed debate
among economists and technolo-
gists over how quickly jobs will
be lost. This year, Erik Bryn-
jolfsson and Andrew McAfee,
economists at the Massachusetts
Institute of Technology, made the
case for a rapid transformation.
“The pace and scale of this en-
croachment into human skills is
relatively recent and has pro-
found economic implications,”
they wrote in their book, “Race
Against the Machine.”

In their minds, the advent of
low-cost automation foretells
changes on the scale of the revo-
lution in agricultural technology
over the last century, when farm-
ing employment in the United
States fell from 40 percent of the
work force to about 2 percent to-

Skilled Work, Without the Worker
New Wave of Deft Robots Is Changing Global Industry
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A robot stacking solar panels
at a factory in Milpitas, Calif.
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By MICHAEL BARBARO

It was supposed to be a 15-
minute courtesy visit from a Re-
publican with big presidential as-
pirations to a rising star in Con-
gress with big ideas about how to
address the nation’s fiscal prob-
lems. 

Mitt Romney, who had just left
office as governor of Massachu-
setts and was moving to the right
on issues like abortion, was be-
ginning to immerse himself in
federal budget policy. Represent-
ative Paul D. Ryan of Wisconsin,
who on that day in early 2007 had
just become the top Republican
on the House Budget Committee,
was promoting a small-govern-
ment libertarianism that within a
few years would become Repub-
lican Party orthodoxy. 

Inside the Longworth House
Office Building, 15 minutes
turned into an hour as the two
men traded theories about how to
overhaul Medicare, Social Securi-
ty and the tax code, a pair of pol-
icy mavens out-geeking each oth-
er over esoterica like border-ad-
justable taxes. “We went deep
into the weeds,” Mr. Ryan re-
called in an interview. 

It was the start of a on-again,
off-again five-year courtship that
encapsulated their party’s grad-
ual adoption of a more conserva-

The Courtship
Before Romney
Elevated Ryan

BRENDAN HOFFMAN FOR THE NEW YORK TIMES

HE HAS HER VOTE Representative Paul D. Ryan appeared with his mother, Betty Ryan Douglas, in Florida on Saturday. Page 16.
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The e-score, a calculation quietly made
about consumers online, is assuming an
increasingly important, and controver-
sial, role in e-commerce. PAGE 1
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Credit Score for Web Shoppers

By STEPHANIE STROM

Don Barrett, a Mississippi law-
yer, took in hundreds of millions
of dollars a decade ago after su-
ing Big Tobacco and winning
record settlements from R. J.
Reynolds, Philip Morris and oth-
er cigarette makers. So did Wal-
ter Umphrey, Dewitt M. Lovelace
and Stuart and Carol Nelkin.

Ever since, the lawyers have

been searching for big paydays in
business, scoring more modest
wins against car companies, drug
makers, brokerage firms and in-
surers. Now, they have found the
next target: food manufacturers.

More than a dozen lawyers
who took on the tobacco compa-
nies have filed 25 cases against
industry players like ConAgra
Foods, PepsiCo, Heinz, General
Mills and Chobani that stock pan-
try shelves and refrigerators
across America.

The suits, filed over the last
four months, assert that food
makers are misleading consum-
ers and violating federal regula-
tions by wrongly labeling prod-
ucts and ingredients. While there
has been a barrage of litigation
against the industry in recent
years, the tobacco lawyers are
moving particularly aggressive-
ly. They are asking a federal
court in California to halt ConA-
gra’s sales of Pam cooking spray,
Swiss Miss cocoa products and
some Hunt’s canned tomatoes.

“It’s a crime — and that makes
it a crime to sell it,” said Mr. Bar-
rett, citing what he contends is
the mislabeling of those products.
“That means these products 

After Tobacco, Lawyers Set
Their Sights on Food Industry

Continued on Page 4

Today, mostly sunny, pleasant,
high 82. Tonight, increasing cloud-
iness, low 66. Tomorrow, variable
cloudiness, showers and thunder-
storms, high 79. Details, Page 19.
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China is expected to soon mete out its
brand of justice against Wang Lijun, the
police official whose former boss was
the powerful Bo Xilai. PAGE 6 
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In some drought areas, thousands of
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longer afford to feed them. PAGE 14 
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Jonathan Hargett was once thought to
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By JAMES RISEN
and DURAID ADNAN

WASHINGTON — When Pres-
ident Obama announced last
month that he was barring a
Baghdad bank from any dealings
with the American banking sys-
tem, it was a rare acknowledg-
ment of a delicate problem facing
the administration in a country
that American troops just left: for
months, Iraq has been helping
Iran skirt economic sanctions im-
posed on Tehran because of its
nuclear program. 

The little-known bank singled
out by the United States, the Elaf
Islamic Bank, is only part of a
network of financial institutions
and oil-smuggling operations
that, according to current and
former American and Iraqi gov-
ernment officials and experts on
the Iraqi banking sector, has pro-
vided Iran with a crucial flow of
dollars at a time when sanctions
are squeezing its economy. 

The Obama administration is
not eager for a public showdown
with the government of Prime
Minister Nuri Kamal al-Maliki
over Iran just eight months after
the last American troops with-
drew from Baghdad.

Still, the administration has
held private talks with Iraqi offi-
cials to complain about specific
instances of financial and logis-
tical ties between the countries,
officials say, although they do not
regard all trade between them as
illegal or, as in the case of smug-
gling, as something completely
new. In one recent instance,
when American officials learned
that the Iraqi government was
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By SIMON ROMERO

BUENOS AIRES — The cafe,
just north of a leafy district af-
fectionately nicknamed Villa
Freud, was almost empty. Rober-
to Álvarez sipped his espresso,
furrowed his brow and began
ticking off the names of psychol-
ogists he had seen over the past
decade. He stopped counting
only when he noticed that he was
running short of fingers. 

“Let me tell you something
about us Argentines,” said Mr.
Álvarez, a 51-year-old construc-
tion worker, after a tangent on
Jacques Lacan, the famous

French psychoanalyst who some-
times conducted sessions with
patients in taxicabs. “When it
comes to choosing a psycholo-
gist, we are like women search-
ing for the perfect perfume. We
try a bit of this and a bit of that
before eventually arriving at the
right fit.” 

Indeed, Argentines often man-
age a smile upon hearing that
psychoanalysis has been on the
wane in the United States and
other countries, rivaled by treat-
ments that offer shorter-term
and often cheaper results than
years invested in sessions of
soul-searching. Even as Argen-
tines grapple with high inflation

and an economic slowdown,
many seem to know precisely
what they want (at least in one
area of their lives): psychoanaly-
sis, and plenty of it.

The number of practicing psy-
chologists in Argentina has been
surging, to 196 per 100,000 people
last year, according to a study by
Modesto Alonso, a psychologist
and researcher, from 145 per
100,000 people in 2008. That com-
pares with about 27 psychologists
per 100,000 people in the United
States, according to the Ameri-
can Psychological Association. 

Those numbers make Argenti-
na — a country still brooding

Do Argentines Need Therapy? Pull Up a Couch

TOMAS MUNITA FOR THE NEW YORK TIMES

The interest in psychology in Argentina is reflected in the popu-
larity of a play in Buenos Aires, “Freud’s Last Session.”Continued on Page 10

By RICHARD A. OPPEL Jr.
and GRAHAM BOWLEY

KABUL, Afghanistan — After
months of military leaders’ at-
tempts to tamp down worries
over the killings of American and
NATO troops by the Afghan
forces serving beside them, Gen.
John R. Allen, the top command-
er in Afghanistan, called an ur-
gent meeting of his generals last
Wednesday to address the esca-
lating death toll.

In a room crowded with more
than 40 commanders, the general
underscored the need to quickly
stop the bloodletting that is sap-
ping morale, according to NATO
officials, part of a new emphasis
on protecting American and
NATO forces after a spate of at-
tacks that included the killing of
six Marine trainers this month.

In one of a series of recent
steps, the military decreed that
American and NATO service
members should always carry a
loaded magazine in their weap-
ons, to save precious moments if
attacked by Afghan forces. An-
other initiative, now a priority, is
a program named “Guardian An-
gel” that calls for one or two sol-
diers to monitor the Afghans dur-
ing every mission or meeting, of-
ficials say.

The “angels,” whose identities
are not disclosed to the Afghans,
must be prepared to fire on any-
one who tries to kill a coalition
service member.

The military has also analyzed
the attacks. But the results have
been worrisome. Only a handful
of the 31 attacks this year have
clearly been a result of Taliban
activity like infiltration. That sug-
gests a level of malaise or anger
within the Afghan forces that
could complicate NATO’s train-
ing program, which relies on
trust and cooperation.

The stepped-up efforts to stop
the attacks are indications of how

AfghanAttacks
PromptNATO

ToShiftPolicy

Urgent Steps to Curb
Killings by Allies 

Continued on Page 4

By JOHN MARKOFF

DRACHTEN, the Netherlands
— At the Philips Electronics fac-
tory on the coast of China, hun-
dreds of workers use their hands
and specialized tools to assemble
electric shavers. That is the old
way. 

At a sister factory here in the
Dutch countryside, 128 robot
arms do the same work with
yoga-like flexibility. Video cam-
eras guide them through feats
well beyond the capability of the
most dexterous human. 

One robot arm endlessly forms
three perfect bends in two con-
nector wires and slips them into
holes almost too small for the eye
to see. The arms work so fast that
they must be enclosed in glass
cages to prevent the people su-
pervising them from being in-
jured. And they do it all without a
coffee break — three shifts a day,
365 days a year.

All told, the factory here has
several dozen workers per shift,
about a tenth as many as the
plant in the Chinese city of Zhu-
hai. 

This is the future. A new wave
of robots, far more adept than
those now commonly used by
automakers and other heavy
manufacturers, are replacing
workers around the world in both
manufacturing and distribution.
Factories like the one here in the

Netherlands are a striking coun-
terpoint to those used by Apple
and other consumer electronics
giants, which employ hundreds of
thousands of low-skilled workers.

“With these machines, we can
make any consumer device in the
world,” said Binne Visser, an
electrical engineer who manages
the Philips assembly line in
Drachten.

Many industry executives and
technology experts say Philips’s
approach is gaining ground on
Apple’s. Even as Foxconn, Ap-
ple’s iPhone manufacturer, con-
tinues to build new plants and
hire thousands of additional
workers to make smartphones, it
plans to install more than a mil-

lion robots within a few years to
supplement its work force in Chi-
na.

Foxconn has not disclosed how
many workers will be displaced
or when. But its chairman, Terry
Gou, has publicly endorsed a
growing use of robots. Speaking
of his more than one million em-
ployees worldwide, he said in
January, according to the official
Xinhua news agency: “As human
beings are also animals, to man-
age one million animals gives me
a headache.”

The falling costs and growing
sophistication of robots have
touched off a renewed debate
among economists and technolo-
gists over how quickly jobs will
be lost. This year, Erik Bryn-
jolfsson and Andrew McAfee,
economists at the Massachusetts
Institute of Technology, made the
case for a rapid transformation.
“The pace and scale of this en-
croachment into human skills is
relatively recent and has pro-
found economic implications,”
they wrote in their book, “Race
Against the Machine.”

In their minds, the advent of
low-cost automation foretells
changes on the scale of the revo-
lution in agricultural technology
over the last century, when farm-
ing employment in the United
States fell from 40 percent of the
work force to about 2 percent to-

Skilled Work, Without the Worker
New Wave of Deft Robots Is Changing Global Industry

LIANNE MILTON FOR THE NEW YORK TIMES

A robot stacking solar panels
at a factory in Milpitas, Calif.
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By MICHAEL BARBARO

It was supposed to be a 15-
minute courtesy visit from a Re-
publican with big presidential as-
pirations to a rising star in Con-
gress with big ideas about how to
address the nation’s fiscal prob-
lems. 

Mitt Romney, who had just left
office as governor of Massachu-
setts and was moving to the right
on issues like abortion, was be-
ginning to immerse himself in
federal budget policy. Represent-
ative Paul D. Ryan of Wisconsin,
who on that day in early 2007 had
just become the top Republican
on the House Budget Committee,
was promoting a small-govern-
ment libertarianism that within a
few years would become Repub-
lican Party orthodoxy. 

Inside the Longworth House
Office Building, 15 minutes
turned into an hour as the two
men traded theories about how to
overhaul Medicare, Social Securi-
ty and the tax code, a pair of pol-
icy mavens out-geeking each oth-
er over esoterica like border-ad-
justable taxes. “We went deep
into the weeds,” Mr. Ryan re-
called in an interview. 

It was the start of a on-again,
off-again five-year courtship that
encapsulated their party’s grad-
ual adoption of a more conserva-

The Courtship
Before Romney
Elevated Ryan

BRENDAN HOFFMAN FOR THE NEW YORK TIMES

HE HAS HER VOTE Representative Paul D. Ryan appeared with his mother, Betty Ryan Douglas, in Florida on Saturday. Page 16.
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The e-score, a calculation quietly made
about consumers online, is assuming an
increasingly important, and controver-
sial, role in e-commerce. PAGE 1
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Credit Score for Web Shoppers

By STEPHANIE STROM

Don Barrett, a Mississippi law-
yer, took in hundreds of millions
of dollars a decade ago after su-
ing Big Tobacco and winning
record settlements from R. J.
Reynolds, Philip Morris and oth-
er cigarette makers. So did Wal-
ter Umphrey, Dewitt M. Lovelace
and Stuart and Carol Nelkin.

Ever since, the lawyers have

been searching for big paydays in
business, scoring more modest
wins against car companies, drug
makers, brokerage firms and in-
surers. Now, they have found the
next target: food manufacturers.

More than a dozen lawyers
who took on the tobacco compa-
nies have filed 25 cases against
industry players like ConAgra
Foods, PepsiCo, Heinz, General
Mills and Chobani that stock pan-
try shelves and refrigerators
across America.

The suits, filed over the last
four months, assert that food
makers are misleading consum-
ers and violating federal regula-
tions by wrongly labeling prod-
ucts and ingredients. While there
has been a barrage of litigation
against the industry in recent
years, the tobacco lawyers are
moving particularly aggressive-
ly. They are asking a federal
court in California to halt ConA-
gra’s sales of Pam cooking spray,
Swiss Miss cocoa products and
some Hunt’s canned tomatoes.

“It’s a crime — and that makes
it a crime to sell it,” said Mr. Bar-
rett, citing what he contends is
the mislabeling of those products.
“That means these products 

After Tobacco, Lawyers Set
Their Sights on Food Industry

Continued on Page 4

Today, mostly sunny, pleasant,
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China is expected to soon mete out its
brand of justice against Wang Lijun, the
police official whose former boss was
the powerful Bo Xilai. PAGE 6 
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China Accuses Crime Fighter
In some drought areas, thousands of
horses are having to fend for them-
selves, abandoned by people who can no
longer afford to feed them. PAGE 14 
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Horses Fall Victim to Drought
Jonathan Hargett was once thought to
be the first point guard who might jump
from high school to the N.B.A. Instead
he is finishing a prison sentence. PAGE 1
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By JAMES RISEN
and DURAID ADNAN

WASHINGTON — When Pres-
ident Obama announced last
month that he was barring a
Baghdad bank from any dealings
with the American banking sys-
tem, it was a rare acknowledg-
ment of a delicate problem facing
the administration in a country
that American troops just left: for
months, Iraq has been helping
Iran skirt economic sanctions im-
posed on Tehran because of its
nuclear program. 

The little-known bank singled
out by the United States, the Elaf
Islamic Bank, is only part of a
network of financial institutions
and oil-smuggling operations
that, according to current and
former American and Iraqi gov-
ernment officials and experts on
the Iraqi banking sector, has pro-
vided Iran with a crucial flow of
dollars at a time when sanctions
are squeezing its economy. 

The Obama administration is
not eager for a public showdown
with the government of Prime
Minister Nuri Kamal al-Maliki
over Iran just eight months after
the last American troops with-
drew from Baghdad.

Still, the administration has
held private talks with Iraqi offi-
cials to complain about specific
instances of financial and logis-
tical ties between the countries,
officials say, although they do not
regard all trade between them as
illegal or, as in the case of smug-
gling, as something completely
new. In one recent instance,
when American officials learned
that the Iraqi government was
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By SIMON ROMERO

BUENOS AIRES — The cafe,
just north of a leafy district af-
fectionately nicknamed Villa
Freud, was almost empty. Rober-
to Álvarez sipped his espresso,
furrowed his brow and began
ticking off the names of psychol-
ogists he had seen over the past
decade. He stopped counting
only when he noticed that he was
running short of fingers. 

“Let me tell you something
about us Argentines,” said Mr.
Álvarez, a 51-year-old construc-
tion worker, after a tangent on
Jacques Lacan, the famous

French psychoanalyst who some-
times conducted sessions with
patients in taxicabs. “When it
comes to choosing a psycholo-
gist, we are like women search-
ing for the perfect perfume. We
try a bit of this and a bit of that
before eventually arriving at the
right fit.” 

Indeed, Argentines often man-
age a smile upon hearing that
psychoanalysis has been on the
wane in the United States and
other countries, rivaled by treat-
ments that offer shorter-term
and often cheaper results than
years invested in sessions of
soul-searching. Even as Argen-
tines grapple with high inflation

and an economic slowdown,
many seem to know precisely
what they want (at least in one
area of their lives): psychoanaly-
sis, and plenty of it.

The number of practicing psy-
chologists in Argentina has been
surging, to 196 per 100,000 people
last year, according to a study by
Modesto Alonso, a psychologist
and researcher, from 145 per
100,000 people in 2008. That com-
pares with about 27 psychologists
per 100,000 people in the United
States, according to the Ameri-
can Psychological Association. 

Those numbers make Argenti-
na — a country still brooding

Do Argentines Need Therapy? Pull Up a Couch
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The interest in psychology in Argentina is reflected in the popu-
larity of a play in Buenos Aires, “Freud’s Last Session.”Continued on Page 10

By RICHARD A. OPPEL Jr.
and GRAHAM BOWLEY

KABUL, Afghanistan — After
months of military leaders’ at-
tempts to tamp down worries
over the killings of American and
NATO troops by the Afghan
forces serving beside them, Gen.
John R. Allen, the top command-
er in Afghanistan, called an ur-
gent meeting of his generals last
Wednesday to address the esca-
lating death toll.

In a room crowded with more
than 40 commanders, the general
underscored the need to quickly
stop the bloodletting that is sap-
ping morale, according to NATO
officials, part of a new emphasis
on protecting American and
NATO forces after a spate of at-
tacks that included the killing of
six Marine trainers this month.

In one of a series of recent
steps, the military decreed that
American and NATO service
members should always carry a
loaded magazine in their weap-
ons, to save precious moments if
attacked by Afghan forces. An-
other initiative, now a priority, is
a program named “Guardian An-
gel” that calls for one or two sol-
diers to monitor the Afghans dur-
ing every mission or meeting, of-
ficials say.

The “angels,” whose identities
are not disclosed to the Afghans,
must be prepared to fire on any-
one who tries to kill a coalition
service member.

The military has also analyzed
the attacks. But the results have
been worrisome. Only a handful
of the 31 attacks this year have
clearly been a result of Taliban
activity like infiltration. That sug-
gests a level of malaise or anger
within the Afghan forces that
could complicate NATO’s train-
ing program, which relies on
trust and cooperation.

The stepped-up efforts to stop
the attacks are indications of how

AfghanAttacks
PromptNATO

ToShiftPolicy

Urgent Steps to Curb
Killings by Allies 
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By JOHN MARKOFF

DRACHTEN, the Netherlands
— At the Philips Electronics fac-
tory on the coast of China, hun-
dreds of workers use their hands
and specialized tools to assemble
electric shavers. That is the old
way. 

At a sister factory here in the
Dutch countryside, 128 robot
arms do the same work with
yoga-like flexibility. Video cam-
eras guide them through feats
well beyond the capability of the
most dexterous human. 

One robot arm endlessly forms
three perfect bends in two con-
nector wires and slips them into
holes almost too small for the eye
to see. The arms work so fast that
they must be enclosed in glass
cages to prevent the people su-
pervising them from being in-
jured. And they do it all without a
coffee break — three shifts a day,
365 days a year.

All told, the factory here has
several dozen workers per shift,
about a tenth as many as the
plant in the Chinese city of Zhu-
hai. 

This is the future. A new wave
of robots, far more adept than
those now commonly used by
automakers and other heavy
manufacturers, are replacing
workers around the world in both
manufacturing and distribution.
Factories like the one here in the

Netherlands are a striking coun-
terpoint to those used by Apple
and other consumer electronics
giants, which employ hundreds of
thousands of low-skilled workers.

“With these machines, we can
make any consumer device in the
world,” said Binne Visser, an
electrical engineer who manages
the Philips assembly line in
Drachten.

Many industry executives and
technology experts say Philips’s
approach is gaining ground on
Apple’s. Even as Foxconn, Ap-
ple’s iPhone manufacturer, con-
tinues to build new plants and
hire thousands of additional
workers to make smartphones, it
plans to install more than a mil-

lion robots within a few years to
supplement its work force in Chi-
na.

Foxconn has not disclosed how
many workers will be displaced
or when. But its chairman, Terry
Gou, has publicly endorsed a
growing use of robots. Speaking
of his more than one million em-
ployees worldwide, he said in
January, according to the official
Xinhua news agency: “As human
beings are also animals, to man-
age one million animals gives me
a headache.”

The falling costs and growing
sophistication of robots have
touched off a renewed debate
among economists and technolo-
gists over how quickly jobs will
be lost. This year, Erik Bryn-
jolfsson and Andrew McAfee,
economists at the Massachusetts
Institute of Technology, made the
case for a rapid transformation.
“The pace and scale of this en-
croachment into human skills is
relatively recent and has pro-
found economic implications,”
they wrote in their book, “Race
Against the Machine.”

In their minds, the advent of
low-cost automation foretells
changes on the scale of the revo-
lution in agricultural technology
over the last century, when farm-
ing employment in the United
States fell from 40 percent of the
work force to about 2 percent to-

Skilled Work, Without the Worker
New Wave of Deft Robots Is Changing Global Industry

LIANNE MILTON FOR THE NEW YORK TIMES

A robot stacking solar panels
at a factory in Milpitas, Calif.
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By MICHAEL BARBARO

It was supposed to be a 15-
minute courtesy visit from a Re-
publican with big presidential as-
pirations to a rising star in Con-
gress with big ideas about how to
address the nation’s fiscal prob-
lems. 

Mitt Romney, who had just left
office as governor of Massachu-
setts and was moving to the right
on issues like abortion, was be-
ginning to immerse himself in
federal budget policy. Represent-
ative Paul D. Ryan of Wisconsin,
who on that day in early 2007 had
just become the top Republican
on the House Budget Committee,
was promoting a small-govern-
ment libertarianism that within a
few years would become Repub-
lican Party orthodoxy. 

Inside the Longworth House
Office Building, 15 minutes
turned into an hour as the two
men traded theories about how to
overhaul Medicare, Social Securi-
ty and the tax code, a pair of pol-
icy mavens out-geeking each oth-
er over esoterica like border-ad-
justable taxes. “We went deep
into the weeds,” Mr. Ryan re-
called in an interview. 

It was the start of a on-again,
off-again five-year courtship that
encapsulated their party’s grad-
ual adoption of a more conserva-

The Courtship
Before Romney
Elevated Ryan

BRENDAN HOFFMAN FOR THE NEW YORK TIMES

HE HAS HER VOTE Representative Paul D. Ryan appeared with his mother, Betty Ryan Douglas, in Florida on Saturday. Page 16.
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The e-score, a calculation quietly made
about consumers online, is assuming an
increasingly important, and controver-
sial, role in e-commerce. PAGE 1
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Credit Score for Web Shoppers

By STEPHANIE STROM

Don Barrett, a Mississippi law-
yer, took in hundreds of millions
of dollars a decade ago after su-
ing Big Tobacco and winning
record settlements from R. J.
Reynolds, Philip Morris and oth-
er cigarette makers. So did Wal-
ter Umphrey, Dewitt M. Lovelace
and Stuart and Carol Nelkin.

Ever since, the lawyers have

been searching for big paydays in
business, scoring more modest
wins against car companies, drug
makers, brokerage firms and in-
surers. Now, they have found the
next target: food manufacturers.

More than a dozen lawyers
who took on the tobacco compa-
nies have filed 25 cases against
industry players like ConAgra
Foods, PepsiCo, Heinz, General
Mills and Chobani that stock pan-
try shelves and refrigerators
across America.

The suits, filed over the last
four months, assert that food
makers are misleading consum-
ers and violating federal regula-
tions by wrongly labeling prod-
ucts and ingredients. While there
has been a barrage of litigation
against the industry in recent
years, the tobacco lawyers are
moving particularly aggressive-
ly. They are asking a federal
court in California to halt ConA-
gra’s sales of Pam cooking spray,
Swiss Miss cocoa products and
some Hunt’s canned tomatoes.

“It’s a crime — and that makes
it a crime to sell it,” said Mr. Bar-
rett, citing what he contends is
the mislabeling of those products.
“That means these products 

After Tobacco, Lawyers Set
Their Sights on Food Industry

Continued on Page 4

Today, mostly sunny, pleasant,
high 82. Tonight, increasing cloud-
iness, low 66. Tomorrow, variable
cloudiness, showers and thunder-
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China is expected to soon mete out its
brand of justice against Wang Lijun, the
police official whose former boss was
the powerful Bo Xilai. PAGE 6 
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China Accuses Crime Fighter
In some drought areas, thousands of
horses are having to fend for them-
selves, abandoned by people who can no
longer afford to feed them. PAGE 14 
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Horses Fall Victim to Drought
Jonathan Hargett was once thought to
be the first point guard who might jump
from high school to the N.B.A. Instead
he is finishing a prison sentence. PAGE 1
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By JAMES RISEN
and DURAID ADNAN

WASHINGTON — When Pres-
ident Obama announced last
month that he was barring a
Baghdad bank from any dealings
with the American banking sys-
tem, it was a rare acknowledg-
ment of a delicate problem facing
the administration in a country
that American troops just left: for
months, Iraq has been helping
Iran skirt economic sanctions im-
posed on Tehran because of its
nuclear program. 

The little-known bank singled
out by the United States, the Elaf
Islamic Bank, is only part of a
network of financial institutions
and oil-smuggling operations
that, according to current and
former American and Iraqi gov-
ernment officials and experts on
the Iraqi banking sector, has pro-
vided Iran with a crucial flow of
dollars at a time when sanctions
are squeezing its economy. 

The Obama administration is
not eager for a public showdown
with the government of Prime
Minister Nuri Kamal al-Maliki
over Iran just eight months after
the last American troops with-
drew from Baghdad.

Still, the administration has
held private talks with Iraqi offi-
cials to complain about specific
instances of financial and logis-
tical ties between the countries,
officials say, although they do not
regard all trade between them as
illegal or, as in the case of smug-
gling, as something completely
new. In one recent instance,
when American officials learned
that the Iraqi government was
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By SIMON ROMERO

BUENOS AIRES — The cafe,
just north of a leafy district af-
fectionately nicknamed Villa
Freud, was almost empty. Rober-
to Álvarez sipped his espresso,
furrowed his brow and began
ticking off the names of psychol-
ogists he had seen over the past
decade. He stopped counting
only when he noticed that he was
running short of fingers. 

“Let me tell you something
about us Argentines,” said Mr.
Álvarez, a 51-year-old construc-
tion worker, after a tangent on
Jacques Lacan, the famous

French psychoanalyst who some-
times conducted sessions with
patients in taxicabs. “When it
comes to choosing a psycholo-
gist, we are like women search-
ing for the perfect perfume. We
try a bit of this and a bit of that
before eventually arriving at the
right fit.” 

Indeed, Argentines often man-
age a smile upon hearing that
psychoanalysis has been on the
wane in the United States and
other countries, rivaled by treat-
ments that offer shorter-term
and often cheaper results than
years invested in sessions of
soul-searching. Even as Argen-
tines grapple with high inflation

and an economic slowdown,
many seem to know precisely
what they want (at least in one
area of their lives): psychoanaly-
sis, and plenty of it.

The number of practicing psy-
chologists in Argentina has been
surging, to 196 per 100,000 people
last year, according to a study by
Modesto Alonso, a psychologist
and researcher, from 145 per
100,000 people in 2008. That com-
pares with about 27 psychologists
per 100,000 people in the United
States, according to the Ameri-
can Psychological Association. 

Those numbers make Argenti-
na — a country still brooding

Do Argentines Need Therapy? Pull Up a Couch
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The interest in psychology in Argentina is reflected in the popu-
larity of a play in Buenos Aires, “Freud’s Last Session.”Continued on Page 10

By RICHARD A. OPPEL Jr.
and GRAHAM BOWLEY

KABUL, Afghanistan — After
months of military leaders’ at-
tempts to tamp down worries
over the killings of American and
NATO troops by the Afghan
forces serving beside them, Gen.
John R. Allen, the top command-
er in Afghanistan, called an ur-
gent meeting of his generals last
Wednesday to address the esca-
lating death toll.

In a room crowded with more
than 40 commanders, the general
underscored the need to quickly
stop the bloodletting that is sap-
ping morale, according to NATO
officials, part of a new emphasis
on protecting American and
NATO forces after a spate of at-
tacks that included the killing of
six Marine trainers this month.

In one of a series of recent
steps, the military decreed that
American and NATO service
members should always carry a
loaded magazine in their weap-
ons, to save precious moments if
attacked by Afghan forces. An-
other initiative, now a priority, is
a program named “Guardian An-
gel” that calls for one or two sol-
diers to monitor the Afghans dur-
ing every mission or meeting, of-
ficials say.

The “angels,” whose identities
are not disclosed to the Afghans,
must be prepared to fire on any-
one who tries to kill a coalition
service member.

The military has also analyzed
the attacks. But the results have
been worrisome. Only a handful
of the 31 attacks this year have
clearly been a result of Taliban
activity like infiltration. That sug-
gests a level of malaise or anger
within the Afghan forces that
could complicate NATO’s train-
ing program, which relies on
trust and cooperation.

The stepped-up efforts to stop
the attacks are indications of how

AfghanAttacks
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Urgent Steps to Curb
Killings by Allies 
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By JOHN MARKOFF

DRACHTEN, the Netherlands
— At the Philips Electronics fac-
tory on the coast of China, hun-
dreds of workers use their hands
and specialized tools to assemble
electric shavers. That is the old
way. 

At a sister factory here in the
Dutch countryside, 128 robot
arms do the same work with
yoga-like flexibility. Video cam-
eras guide them through feats
well beyond the capability of the
most dexterous human. 

One robot arm endlessly forms
three perfect bends in two con-
nector wires and slips them into
holes almost too small for the eye
to see. The arms work so fast that
they must be enclosed in glass
cages to prevent the people su-
pervising them from being in-
jured. And they do it all without a
coffee break — three shifts a day,
365 days a year.

All told, the factory here has
several dozen workers per shift,
about a tenth as many as the
plant in the Chinese city of Zhu-
hai. 

This is the future. A new wave
of robots, far more adept than
those now commonly used by
automakers and other heavy
manufacturers, are replacing
workers around the world in both
manufacturing and distribution.
Factories like the one here in the

Netherlands are a striking coun-
terpoint to those used by Apple
and other consumer electronics
giants, which employ hundreds of
thousands of low-skilled workers.

“With these machines, we can
make any consumer device in the
world,” said Binne Visser, an
electrical engineer who manages
the Philips assembly line in
Drachten.

Many industry executives and
technology experts say Philips’s
approach is gaining ground on
Apple’s. Even as Foxconn, Ap-
ple’s iPhone manufacturer, con-
tinues to build new plants and
hire thousands of additional
workers to make smartphones, it
plans to install more than a mil-

lion robots within a few years to
supplement its work force in Chi-
na.

Foxconn has not disclosed how
many workers will be displaced
or when. But its chairman, Terry
Gou, has publicly endorsed a
growing use of robots. Speaking
of his more than one million em-
ployees worldwide, he said in
January, according to the official
Xinhua news agency: “As human
beings are also animals, to man-
age one million animals gives me
a headache.”

The falling costs and growing
sophistication of robots have
touched off a renewed debate
among economists and technolo-
gists over how quickly jobs will
be lost. This year, Erik Bryn-
jolfsson and Andrew McAfee,
economists at the Massachusetts
Institute of Technology, made the
case for a rapid transformation.
“The pace and scale of this en-
croachment into human skills is
relatively recent and has pro-
found economic implications,”
they wrote in their book, “Race
Against the Machine.”

In their minds, the advent of
low-cost automation foretells
changes on the scale of the revo-
lution in agricultural technology
over the last century, when farm-
ing employment in the United
States fell from 40 percent of the
work force to about 2 percent to-

Skilled Work, Without the Worker
New Wave of Deft Robots Is Changing Global Industry

LIANNE MILTON FOR THE NEW YORK TIMES

A robot stacking solar panels
at a factory in Milpitas, Calif.
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By MICHAEL BARBARO

It was supposed to be a 15-
minute courtesy visit from a Re-
publican with big presidential as-
pirations to a rising star in Con-
gress with big ideas about how to
address the nation’s fiscal prob-
lems. 

Mitt Romney, who had just left
office as governor of Massachu-
setts and was moving to the right
on issues like abortion, was be-
ginning to immerse himself in
federal budget policy. Represent-
ative Paul D. Ryan of Wisconsin,
who on that day in early 2007 had
just become the top Republican
on the House Budget Committee,
was promoting a small-govern-
ment libertarianism that within a
few years would become Repub-
lican Party orthodoxy. 

Inside the Longworth House
Office Building, 15 minutes
turned into an hour as the two
men traded theories about how to
overhaul Medicare, Social Securi-
ty and the tax code, a pair of pol-
icy mavens out-geeking each oth-
er over esoterica like border-ad-
justable taxes. “We went deep
into the weeds,” Mr. Ryan re-
called in an interview. 

It was the start of a on-again,
off-again five-year courtship that
encapsulated their party’s grad-
ual adoption of a more conserva-

The Courtship
Before Romney
Elevated Ryan

BRENDAN HOFFMAN FOR THE NEW YORK TIMES

HE HAS HER VOTE Representative Paul D. Ryan appeared with his mother, Betty Ryan Douglas, in Florida on Saturday. Page 16.
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The e-score, a calculation quietly made
about consumers online, is assuming an
increasingly important, and controver-
sial, role in e-commerce. PAGE 1
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Credit Score for Web Shoppers

By STEPHANIE STROM

Don Barrett, a Mississippi law-
yer, took in hundreds of millions
of dollars a decade ago after su-
ing Big Tobacco and winning
record settlements from R. J.
Reynolds, Philip Morris and oth-
er cigarette makers. So did Wal-
ter Umphrey, Dewitt M. Lovelace
and Stuart and Carol Nelkin.

Ever since, the lawyers have

been searching for big paydays in
business, scoring more modest
wins against car companies, drug
makers, brokerage firms and in-
surers. Now, they have found the
next target: food manufacturers.

More than a dozen lawyers
who took on the tobacco compa-
nies have filed 25 cases against
industry players like ConAgra
Foods, PepsiCo, Heinz, General
Mills and Chobani that stock pan-
try shelves and refrigerators
across America.

The suits, filed over the last
four months, assert that food
makers are misleading consum-
ers and violating federal regula-
tions by wrongly labeling prod-
ucts and ingredients. While there
has been a barrage of litigation
against the industry in recent
years, the tobacco lawyers are
moving particularly aggressive-
ly. They are asking a federal
court in California to halt ConA-
gra’s sales of Pam cooking spray,
Swiss Miss cocoa products and
some Hunt’s canned tomatoes.

“It’s a crime — and that makes
it a crime to sell it,” said Mr. Bar-
rett, citing what he contends is
the mislabeling of those products.
“That means these products 

After Tobacco, Lawyers Set
Their Sights on Food Industry

Continued on Page 4

Today, mostly sunny, pleasant,
high 82. Tonight, increasing cloud-
iness, low 66. Tomorrow, variable
cloudiness, showers and thunder-
storms, high 79. Details, Page 19.
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China is expected to soon mete out its
brand of justice against Wang Lijun, the
police official whose former boss was
the powerful Bo Xilai. PAGE 6 
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China Accuses Crime Fighter
In some drought areas, thousands of
horses are having to fend for them-
selves, abandoned by people who can no
longer afford to feed them. PAGE 14 
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Horses Fall Victim to Drought
Jonathan Hargett was once thought to
be the first point guard who might jump
from high school to the N.B.A. Instead
he is finishing a prison sentence. PAGE 1
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Promising Career Derailed Frank Bruni PAGE 1
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By JAMES RISEN
and DURAID ADNAN

WASHINGTON — When Pres-
ident Obama announced last
month that he was barring a
Baghdad bank from any dealings
with the American banking sys-
tem, it was a rare acknowledg-
ment of a delicate problem facing
the administration in a country
that American troops just left: for
months, Iraq has been helping
Iran skirt economic sanctions im-
posed on Tehran because of its
nuclear program. 

The little-known bank singled
out by the United States, the Elaf
Islamic Bank, is only part of a
network of financial institutions
and oil-smuggling operations
that, according to current and
former American and Iraqi gov-
ernment officials and experts on
the Iraqi banking sector, has pro-
vided Iran with a crucial flow of
dollars at a time when sanctions
are squeezing its economy. 

The Obama administration is
not eager for a public showdown
with the government of Prime
Minister Nuri Kamal al-Maliki
over Iran just eight months after
the last American troops with-
drew from Baghdad.

Still, the administration has
held private talks with Iraqi offi-
cials to complain about specific
instances of financial and logis-
tical ties between the countries,
officials say, although they do not
regard all trade between them as
illegal or, as in the case of smug-
gling, as something completely
new. In one recent instance,
when American officials learned
that the Iraqi government was

U.S. SAYS IRAQIS 
ARE HELPING IRAN

SKIRT SANCTIONS 

A VITAL FLOW OF MONEY 

Complaints From White
House During Talks

With Baghdad 

Continued on Page 10

By SIMON ROMERO

BUENOS AIRES — The cafe,
just north of a leafy district af-
fectionately nicknamed Villa
Freud, was almost empty. Rober-
to Álvarez sipped his espresso,
furrowed his brow and began
ticking off the names of psychol-
ogists he had seen over the past
decade. He stopped counting
only when he noticed that he was
running short of fingers. 

“Let me tell you something
about us Argentines,” said Mr.
Álvarez, a 51-year-old construc-
tion worker, after a tangent on
Jacques Lacan, the famous

French psychoanalyst who some-
times conducted sessions with
patients in taxicabs. “When it
comes to choosing a psycholo-
gist, we are like women search-
ing for the perfect perfume. We
try a bit of this and a bit of that
before eventually arriving at the
right fit.” 

Indeed, Argentines often man-
age a smile upon hearing that
psychoanalysis has been on the
wane in the United States and
other countries, rivaled by treat-
ments that offer shorter-term
and often cheaper results than
years invested in sessions of
soul-searching. Even as Argen-
tines grapple with high inflation

and an economic slowdown,
many seem to know precisely
what they want (at least in one
area of their lives): psychoanaly-
sis, and plenty of it.

The number of practicing psy-
chologists in Argentina has been
surging, to 196 per 100,000 people
last year, according to a study by
Modesto Alonso, a psychologist
and researcher, from 145 per
100,000 people in 2008. That com-
pares with about 27 psychologists
per 100,000 people in the United
States, according to the Ameri-
can Psychological Association. 

Those numbers make Argenti-
na — a country still brooding

Do Argentines Need Therapy? Pull Up a Couch
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The interest in psychology in Argentina is reflected in the popu-
larity of a play in Buenos Aires, “Freud’s Last Session.”Continued on Page 10

By RICHARD A. OPPEL Jr.
and GRAHAM BOWLEY

KABUL, Afghanistan — After
months of military leaders’ at-
tempts to tamp down worries
over the killings of American and
NATO troops by the Afghan
forces serving beside them, Gen.
John R. Allen, the top command-
er in Afghanistan, called an ur-
gent meeting of his generals last
Wednesday to address the esca-
lating death toll.

In a room crowded with more
than 40 commanders, the general
underscored the need to quickly
stop the bloodletting that is sap-
ping morale, according to NATO
officials, part of a new emphasis
on protecting American and
NATO forces after a spate of at-
tacks that included the killing of
six Marine trainers this month.

In one of a series of recent
steps, the military decreed that
American and NATO service
members should always carry a
loaded magazine in their weap-
ons, to save precious moments if
attacked by Afghan forces. An-
other initiative, now a priority, is
a program named “Guardian An-
gel” that calls for one or two sol-
diers to monitor the Afghans dur-
ing every mission or meeting, of-
ficials say.

The “angels,” whose identities
are not disclosed to the Afghans,
must be prepared to fire on any-
one who tries to kill a coalition
service member.

The military has also analyzed
the attacks. But the results have
been worrisome. Only a handful
of the 31 attacks this year have
clearly been a result of Taliban
activity like infiltration. That sug-
gests a level of malaise or anger
within the Afghan forces that
could complicate NATO’s train-
ing program, which relies on
trust and cooperation.

The stepped-up efforts to stop
the attacks are indications of how

AfghanAttacks
PromptNATO

ToShiftPolicy

Urgent Steps to Curb
Killings by Allies 
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By JOHN MARKOFF

DRACHTEN, the Netherlands
— At the Philips Electronics fac-
tory on the coast of China, hun-
dreds of workers use their hands
and specialized tools to assemble
electric shavers. That is the old
way. 

At a sister factory here in the
Dutch countryside, 128 robot
arms do the same work with
yoga-like flexibility. Video cam-
eras guide them through feats
well beyond the capability of the
most dexterous human. 

One robot arm endlessly forms
three perfect bends in two con-
nector wires and slips them into
holes almost too small for the eye
to see. The arms work so fast that
they must be enclosed in glass
cages to prevent the people su-
pervising them from being in-
jured. And they do it all without a
coffee break — three shifts a day,
365 days a year.

All told, the factory here has
several dozen workers per shift,
about a tenth as many as the
plant in the Chinese city of Zhu-
hai. 

This is the future. A new wave
of robots, far more adept than
those now commonly used by
automakers and other heavy
manufacturers, are replacing
workers around the world in both
manufacturing and distribution.
Factories like the one here in the

Netherlands are a striking coun-
terpoint to those used by Apple
and other consumer electronics
giants, which employ hundreds of
thousands of low-skilled workers.

“With these machines, we can
make any consumer device in the
world,” said Binne Visser, an
electrical engineer who manages
the Philips assembly line in
Drachten.

Many industry executives and
technology experts say Philips’s
approach is gaining ground on
Apple’s. Even as Foxconn, Ap-
ple’s iPhone manufacturer, con-
tinues to build new plants and
hire thousands of additional
workers to make smartphones, it
plans to install more than a mil-

lion robots within a few years to
supplement its work force in Chi-
na.

Foxconn has not disclosed how
many workers will be displaced
or when. But its chairman, Terry
Gou, has publicly endorsed a
growing use of robots. Speaking
of his more than one million em-
ployees worldwide, he said in
January, according to the official
Xinhua news agency: “As human
beings are also animals, to man-
age one million animals gives me
a headache.”

The falling costs and growing
sophistication of robots have
touched off a renewed debate
among economists and technolo-
gists over how quickly jobs will
be lost. This year, Erik Bryn-
jolfsson and Andrew McAfee,
economists at the Massachusetts
Institute of Technology, made the
case for a rapid transformation.
“The pace and scale of this en-
croachment into human skills is
relatively recent and has pro-
found economic implications,”
they wrote in their book, “Race
Against the Machine.”

In their minds, the advent of
low-cost automation foretells
changes on the scale of the revo-
lution in agricultural technology
over the last century, when farm-
ing employment in the United
States fell from 40 percent of the
work force to about 2 percent to-

Skilled Work, Without the Worker
New Wave of Deft Robots Is Changing Global Industry

LIANNE MILTON FOR THE NEW YORK TIMES

A robot stacking solar panels
at a factory in Milpitas, Calif.
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By MICHAEL BARBARO

It was supposed to be a 15-
minute courtesy visit from a Re-
publican with big presidential as-
pirations to a rising star in Con-
gress with big ideas about how to
address the nation’s fiscal prob-
lems. 

Mitt Romney, who had just left
office as governor of Massachu-
setts and was moving to the right
on issues like abortion, was be-
ginning to immerse himself in
federal budget policy. Represent-
ative Paul D. Ryan of Wisconsin,
who on that day in early 2007 had
just become the top Republican
on the House Budget Committee,
was promoting a small-govern-
ment libertarianism that within a
few years would become Repub-
lican Party orthodoxy. 

Inside the Longworth House
Office Building, 15 minutes
turned into an hour as the two
men traded theories about how to
overhaul Medicare, Social Securi-
ty and the tax code, a pair of pol-
icy mavens out-geeking each oth-
er over esoterica like border-ad-
justable taxes. “We went deep
into the weeds,” Mr. Ryan re-
called in an interview. 

It was the start of a on-again,
off-again five-year courtship that
encapsulated their party’s grad-
ual adoption of a more conserva-

The Courtship
Before Romney
Elevated Ryan

BRENDAN HOFFMAN FOR THE NEW YORK TIMES

HE HAS HER VOTE Representative Paul D. Ryan appeared with his mother, Betty Ryan Douglas, in Florida on Saturday. Page 16.
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The e-score, a calculation quietly made
about consumers online, is assuming an
increasingly important, and controver-
sial, role in e-commerce. PAGE 1
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Credit Score for Web Shoppers

By STEPHANIE STROM

Don Barrett, a Mississippi law-
yer, took in hundreds of millions
of dollars a decade ago after su-
ing Big Tobacco and winning
record settlements from R. J.
Reynolds, Philip Morris and oth-
er cigarette makers. So did Wal-
ter Umphrey, Dewitt M. Lovelace
and Stuart and Carol Nelkin.

Ever since, the lawyers have

been searching for big paydays in
business, scoring more modest
wins against car companies, drug
makers, brokerage firms and in-
surers. Now, they have found the
next target: food manufacturers.

More than a dozen lawyers
who took on the tobacco compa-
nies have filed 25 cases against
industry players like ConAgra
Foods, PepsiCo, Heinz, General
Mills and Chobani that stock pan-
try shelves and refrigerators
across America.

The suits, filed over the last
four months, assert that food
makers are misleading consum-
ers and violating federal regula-
tions by wrongly labeling prod-
ucts and ingredients. While there
has been a barrage of litigation
against the industry in recent
years, the tobacco lawyers are
moving particularly aggressive-
ly. They are asking a federal
court in California to halt ConA-
gra’s sales of Pam cooking spray,
Swiss Miss cocoa products and
some Hunt’s canned tomatoes.

“It’s a crime — and that makes
it a crime to sell it,” said Mr. Bar-
rett, citing what he contends is
the mislabeling of those products.
“That means these products 

After Tobacco, Lawyers Set
Their Sights on Food Industry

Continued on Page 4

Today, mostly sunny, pleasant,
high 82. Tonight, increasing cloud-
iness, low 66. Tomorrow, variable
cloudiness, showers and thunder-
storms, high 79. Details, Page 19.
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United States fell from 40 percent of the work 
force to about 2 percent today. The analogy is 
not only to the industrialization of agriculture 
but also to the electrification of manufacturing 
in the past century, Mr. McAfee argues.

“At what point does the chain saw replace 
Paul Bunyan?” asked Mike Dennison, an execu-
tive at Flextronics, a manufacturer of consumer 
electronics products that is based in Silicon Val-
ley and is increasingly automating assembly 
work. “There’s always a price point, and we’re 
very close to that point.”

But Bran Ferren, a veteran roboticist and 
industrial product designer at Applied Minds in 
Glendale, Calif., argues that there are still steep 
obstacles that have made the dream of the uni-
versal assembly robot elusive. “I had an early 
naïveté about universal robots that could just 
do anything,” he said. “You have to have people 
around anyway. And people are pretty good at 
figuring out, how do I wiggle the radiator in or 
slip the hose on? And these things are still hard 

for robots to do.”
Beyond the technical challenges lies resis-

tance from unionized workers and communi-
ties worried about jobs. The ascension of robots 
may mean fewer jobs are created in this coun-
try, even though rising labor and transportation 
costs in Asia and fears of intellectual property 
theft are now bringing some work back to the 
West.

Take the cavernous solar-panel factory run 
by Flextronics in Milpitas, south of San Fran-
cisco. A large banner proudly proclaims “Bring-
ing Jobs & Manufacturing Back to California!” 
(Right now China makes a large share of the so-
lar panels used in this country and is automat-
ing its own industry.)

Yet in the state-of-the-art plant, where the 
assembly line runs 24 hours a day, seven days 
a week, there are robots everywhere and few 
human workers. All of the heavy lifting and al-
most all of the precise work is done by robots 
that string together solar cells and seal them 
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day. The analogy is not only to the in-
dustrialization of agriculture but also to
the electrification of manufacturing in
the past century, Mr. McAfee argues.

“At what point does the chain saw re-
place Paul Bunyan?” asked Mike Den-
nison, an executive at Flextronics, a
manufacturer of consumer electronics
products that is based in Silicon Valley
and is increasingly automating assem-
bly work. “There’s always a price point,
and we’re very close to that point.”

But Bran Ferren, a veteran roboticist
and industrial product designer at Ap-
plied Minds in Glendale, Calif., argues
that there are still steep obstacles that
have made the dream of the universal
assembly robot elusive. “I had an early
naïveté about universal robots that
could just do anything,” he said. “You
have to have people around anyway.
And people are pretty good at figuring
out, how do I wiggle the radiator in or
slip the hose on? And these things are
still hard for robots to do.”

Beyond the technical challenges lies
resistance from unionized workers and
communities worried about jobs. The
ascension of robots may mean fewer
jobs are created in this country, even
though rising labor and transportation
costs in Asia and fears of intellectual
property theft are now bringing some
work back to the West. 

Take the cavernous solar-panel fac-
tory run by Flextronics in Milpitas,
south of San Francisco. A large banner
proudly proclaims “Bringing Jobs &
Manufacturing Back to California!”
(Right now China makes a large share
of the solar panels used in this country
and is automating its own industry.)

Yet in the state-of-the-art plant,
where the assembly line runs 24 hours a
day, seven days a week, there are robots
everywhere and few human workers.
All of the heavy lifting and almost all of
the precise work is done by robots that
string together solar cells and seal them
under glass. The human workers do
things like trimming excess material,
threading wires and screwing a handful
of fasteners into a simple frame for each
panel. 

Such advances in manufacturing are
also beginning to transform other sec-
tors that employ millions of workers
around the world. One is distribution,
where robots that zoom at the speed of
the world’s fastest sprinters can store,
retrieve and pack goods for shipment
far more efficiently than people. Robots
could soon replace workers at compa-
nies like C & S Wholesale Grocers, the
nation’s largest grocery distributor,
which has already deployed robot tech-
nology.

Rapid improvement in vision and
touch technologies is putting a wide ar-
ray of manual jobs within the abilities of
robots. For example, Boeing’s wide-
body commercial jets are now riveted
automatically by giant machines that
move rapidly and precisely over the
skin of the planes. Even with these ma-
chines, the company said it struggles to
find enough workers to make its new
787 aircraft. Rather, the machines offer
significant increases in precision and
are safer for workers. 

And at Earthbound Farms in Califor-
nia, four newly installed robot arms
with customized suction cups swiftly
place clamshell containers of organic
lettuce into shipping boxes. The robots
move far faster than the people they re-
placed. Each robot replaces two to five
workers at Earthbound, according to
John Dulchinos, an engineer who is the
chief executive at Adept Technology, a
robot maker based in Pleasanton, Calif.,
that developed Earthbound’s system. 

Robot manufacturers in the United
States say that in many applications, ro-
bots are already more cost-effective
than humans. 

At an automation trade show last
year in Chicago, Ron Potter, the director
of robotics technology at an Atlanta
consulting firm called Factory Automa-
tion Systems, offered attendees a
spreadsheet to calculate how quickly ro-
bots would pay for themselves. 

In one example, a robotic manufac-
turing system initially cost $250,000 and
replaced two machine operators, each
earning $50,000 a year. Over the 15-year
life of the system, the machines yielded
$3.5 million in labor and productivity
savings. 

The Obama administration says this
technological shift presents a historic
opportunity for the nation to stay com-
petitive. “The only way we are going to
maintain manufacturing in the U.S. is if
we have higher productivity,” said Tom
Kalil, deputy director of the White
House Office of Science and Technology
Policy. 

Government officials and industry
executives argue that even if factories
are automated, they still are a valuable
source of jobs. If the United States does
not compete for advanced manufactur-
ing in industries like consumer elec-
tronics, it could lose product engineer-
ing and design as well. Moreover, robot-
ics executives argue that even though
blue-collar jobs will be lost, more effi-
cient manufacturing will create skilled
jobs in designing, operating and servic-
ing the assembly lines, as well as signif-
icant numbers of other kinds of jobs in
the communities where factories are. 

And robot makers point out that their

industry itself creates jobs. A report
commissioned by the International Fed-
eration of Robotics last year found that
150,000 people are already employed by
robotics manufacturers worldwide in
engineering and assembly jobs. 

But American and European domi-
nance in the next generation of manu-
facturing is far from certain. 

“What I see is that the Chinese are
going to apply robots too,” said Frans
van Houten, Philips’s chief executive.
“The window of opportunity to bring
manufacturing back is before that hap-
pens.”

A Faster Assembly Line
Royal Philips Electronics began mak-

ing the first electric shavers in 1939 and
set up the factory here in Drachten in
1950. But Mr. Visser, the engineer who
manages the assembly, takes pride in
the sophistication of the latest shavers.
They sell for as much as $350 and, he
says, are more complex to make than
smartphones.

The assembly line here is made up of
dozens of glass cages housing robots
made by Adept Technology that snake
around the factory floor for more than
100 yards. Video cameras atop the cages
guide the robot arms almost unerringly
to pick up the parts they assemble. The
arms bend wires with millimetric accu-
racy, set toothpick-thin spindles in tiny
holes, grab miniature plastic gears and
set them in housings, and snap pieces of
plastic into place.

The next generation of robots for
manufacturing will be more flexible and
easier to train. 

Witness the factory of Tesla Motors,
which recently began manufacturing
the Tesla S, a luxury sedan, in Fremont,
Calif., on the edge of Silicon Valley. 

More than half of the building is shut-
tered, called “the dark side.” It still
houses a dingy, unused Toyota Corolla
assembly line on which an army of
workers once turned out half a million
cars annually. 

The Tesla assembly line is a stark
contrast, brilliantly lighted. Its fast-
moving robots, bright Tesla red, each
has a single arm with multiple joints.
Most of them are imposing, 8 to 10 feet
tall, giving them a slightly menacing
“Terminator” quality. 

But the arms seem eerily human
when they reach over to a stand and
change their “hand” to perform a differ-
ent task. While the many robots in auto
factories typically perform only one
function, in the new Tesla factory a ro-
bot might do up to four: welding, riv-
eting, bonding and installing a compo-
nent.

As many as eight robots perform a
ballet around each vehicle as it stops at
each station along the line for just five
minutes. Ultimately as many as 83 cars
a day — roughly 20,000 are planned for
the first year — will be produced at the
factory. When the company adds a sport
utility vehicle next year, it will be built
on the same assembly line, once the ro-
bots are reprogrammed. 

Tesla’s factory is tiny but represents
a significant bet on flexible robots, one
that could be a model for the industry.
And others are already thinking bigger. 

Hyundai and Beijing Motors recently
completed a mammoth factory outside
Beijing that can produce a million vehi-
cles a year using more robots and fewer
people than the big factories of their
competitors and with the same flexibil-
ity as Tesla’s, said Paul Chau, an Ameri-
can venture capitalist at WI Harper who
toured the plant in June. 

The New Warehouse
Traditional and futuristic systems

working side by side in a distribution
center north of New York City show
how robotics is transforming the way
products are distributed, threatening
jobs. From this warehouse in New-
burgh, C & S, the nation’s largest gro-

cery wholesaler, supplies a major su-
permarket chain. 

The old system sprawls across almost
half a million square feet. The shelves
are loaded and unloaded around the
clock by hundreds of people driving pal-
let jacks and forklifts. At peak times in
the evening, the warehouse is a cacoph-
ony of beeping and darting electric vehi-
cles as workers with headsets are di-
rected to cases of food by a computer
that speaks to them in four languages.

The new system is much smaller,
squeezed into only 30,000 square feet at
the far end of the warehouse and con-
trolled by just a handful of technicians.
They watch over a four-story cage with
different levels holding 168 “rover” ro-
bots the size of go-carts. Each can move
at 25 miles an hour, nearly as fast as an
Olympic sprinter.

Each rover is connected wirelessly to
a central computer and on command
will race along an aisle until it reaches
its destination — a case of food to re-
trieve or the spot to drop one off for
storage. The robot gathers a box by ex-
tending two-foot-long metal fingers
from its side and sliding them under-
neath. It lifts the box and pulls it to its
belly. Then it accelerates to the front of
the steel cage, where it turns into a wide
lane where it must contend with traffic
— eight robots are active on each level
of the structure, which is 20 aisles wide
and 21 levels high.

From the aisle, the robots wait their
turn to pull into a special open lane
where they deposit each load into an el-
evator that sends a stream of food cases
down to a conveyor belt that leads to a
large robot arm.

About 10 feet tall, the arm has the
grace and dexterity of a skilled su-
permarket bagger, twisting and turning
each case so the final stack forms an
eight-foot cube. The software is sophis-
ticated enough to determine which ro-

bot should pick up which case first, so
when the order arrives at the super-
market, workers can take the cases out
in the precise order in which they are to
go on the shelves. 

When the arm is finished, the cube of
goods is conveyed to a machine that
wraps it in clear plastic to hold it in
place. Then a forklift operator sum-
moned by the computer moves the cube
to a truck for shipment.

Built by Symbotic, a start-up compa-
ny based in the Boston area, this robotic
warehouse is inspired by computer de-
signers who created software algo-
rithms to efficiently organize data to be
stored on a computer’s hard drive.

Jim Baum, Symbotic’s chief execu-
tive, compares the new system to a
huge parallel computer. The design is
efficient because there is no single
choke point; the cases of food moving
through the robotic warehouse are like
the digital bits being processed by the
computer.

Humans’ Changing Role
In the decade since he began working

as a warehouseman in Tolleson, Ariz., a
suburb of Phoenix, Josh Graves has
seen how automation systems can
make work easier but also create new
stress and insecurity. The giant facility
where he works distributes dry goods
for Kroger supermarkets. 

Mr. Graves, 29, went to work in the
warehouse, where his father worked for
three decades, right out of high school.
The demanding job required lifting
heavy boxes and the hours were long.
“They would bring in 15 guys, and only
one would last,” he said.

Today Mr. Graves drives a small fork-
lift-like machine that stores and re-
trieves cases of all sizes. Because such
workers are doing less physical labor,
there are fewer injuries, said Rome

Aloise, a Teamsters vice president in
Northern California. Because a comput-
er sets the pace, the stress is now more
psychological. 

Mr. Graves wears headsets and is in-
structed by a computerized voice on
where to go in the warehouse to gather
or store products. A centralized comput-
er the workers call The Brain dictates
their speed. Managers know exactly
what the workers do, to the precise
minute.

Several years ago, Mr. Graves’s ware-
house installed a German system that
automatically stores and retrieves
cases of food. That led to the elimination
of 106 jobs, roughly 20 percent of the
work force. The new system was initial-
ly maintained by union workers with
high seniority. Then that job went to the
German company, which hired non-
union workers.

Now Kroger plans to build a highly
automated warehouse in Tolleson. Sixty
union workers went before the City
Council last year to oppose the plan, on
which the city has not yet ruled.

“We don’t have a problem with the
machines coming,” Mr. Graves told city
officials. “But tell Kroger we don’t want
to lose these jobs in our city.”

Some jobs are still beyond the reach
of automation: construction jobs that
require workers to move in unpredict-
able settings and perform different
tasks that are not repetitive; assembly
work that requires tactile feedback like
placing fiberglass panels inside air-
planes, boats or cars; and assembly
jobs where only a limited quantity of
products are made or where there are
many versions of each product, requir-
ing expensive reprogramming of ro-
bots. 

But that list is growing shorter.

Upgrading Distribution
Inside a spartan garage in an indus-

trial neighborhood in Palo Alto, Calif., a
robot armed with electronic “eyes” and
a small scoop and suction cups repeat-
edly picks up boxes and drops them
onto a conveyor belt. 

It is doing what low-wage workers do
every day around the world.

Older robots cannot do such work be-
cause computer vision systems were
costly and limited to carefully con-
trolled environments where the lighting
was just right. But thanks to an inex-
pensive stereo camera and software
that lets the system see shapes with the
same ease as humans, this robot can
quickly discern the irregular dimen-
sions of randomly placed objects. 

The robot uses a technology pio-
neered in Microsoft’s Kinect motion
sensing system for its Xbox video game
system.

Such robots will put automation with-
in range of companies like Federal Ex-
press and United Parcel Service that
now employ tens of thousands of work-
ers doing such tasks.

The start-up behind the robot, Indus-
trial Perception Inc., is the first spinoff
of Willow Garage, an ambitious robotics
research firm based in Menlo Park,
Calif. The first customer is likely to be a
company that now employs thousands
of workers to load and unload its trucks.
The workers can move one box every
six seconds on average. But each box
can weigh more than 130 pounds, so the
workers tire easily and sometimes hurt
their backs.

Industrial Perception will win its con-
tract if its machine can reliably move
one box every four seconds. The engi-
neers are confident that the robot will
soon do much better than that, picking
up and setting down one box per sec-
ond.

“We’re on the cusp of completely
changing manufacturing and distribu-
tion,” said Gary Bradski, a machine-
vision scientist who is a founder of In-
dustrial Perception. “I think it’s not as
singular an event, but it will ultimately
have as big an impact as the Internet.”

At More Factories, Skilled Work Without the Workers

PAUL SAKUMA/ASSOCIATED PRESS

Robots at the Tesla Motors factory in Fremont, Calif., recently began manufacturing a new luxury sedan. While the many robots in auto factories
typically perform only one function, in the new Tesla factory a robot might do up to four: welding, riveting, bonding and installing a component.
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Robot arms like those at a Philips Electronics factory in the Nether-
lands, top, can perform the same tasks as hundreds of low-skill
workers in factories like the Foxconn plant in Shenzhen, China.
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day. The analogy is not only to the in-
dustrialization of agriculture but also to
the electrification of manufacturing in
the past century, Mr. McAfee argues.

“At what point does the chain saw re-
place Paul Bunyan?” asked Mike Den-
nison, an executive at Flextronics, a
manufacturer of consumer electronics
products that is based in Silicon Valley
and is increasingly automating assem-
bly work. “There’s always a price point,
and we’re very close to that point.”

But Bran Ferren, a veteran roboticist
and industrial product designer at Ap-
plied Minds in Glendale, Calif., argues
that there are still steep obstacles that
have made the dream of the universal
assembly robot elusive. “I had an early
naïveté about universal robots that
could just do anything,” he said. “You
have to have people around anyway.
And people are pretty good at figuring
out, how do I wiggle the radiator in or
slip the hose on? And these things are
still hard for robots to do.”

Beyond the technical challenges lies
resistance from unionized workers and
communities worried about jobs. The
ascension of robots may mean fewer
jobs are created in this country, even
though rising labor and transportation
costs in Asia and fears of intellectual
property theft are now bringing some
work back to the West. 

Take the cavernous solar-panel fac-
tory run by Flextronics in Milpitas,
south of San Francisco. A large banner
proudly proclaims “Bringing Jobs &
Manufacturing Back to California!”
(Right now China makes a large share
of the solar panels used in this country
and is automating its own industry.)

Yet in the state-of-the-art plant,
where the assembly line runs 24 hours a
day, seven days a week, there are robots
everywhere and few human workers.
All of the heavy lifting and almost all of
the precise work is done by robots that
string together solar cells and seal them
under glass. The human workers do
things like trimming excess material,
threading wires and screwing a handful
of fasteners into a simple frame for each
panel. 

Such advances in manufacturing are
also beginning to transform other sec-
tors that employ millions of workers
around the world. One is distribution,
where robots that zoom at the speed of
the world’s fastest sprinters can store,
retrieve and pack goods for shipment
far more efficiently than people. Robots
could soon replace workers at compa-
nies like C & S Wholesale Grocers, the
nation’s largest grocery distributor,
which has already deployed robot tech-
nology.

Rapid improvement in vision and
touch technologies is putting a wide ar-
ray of manual jobs within the abilities of
robots. For example, Boeing’s wide-
body commercial jets are now riveted
automatically by giant machines that
move rapidly and precisely over the
skin of the planes. Even with these ma-
chines, the company said it struggles to
find enough workers to make its new
787 aircraft. Rather, the machines offer
significant increases in precision and
are safer for workers. 

And at Earthbound Farms in Califor-
nia, four newly installed robot arms
with customized suction cups swiftly
place clamshell containers of organic
lettuce into shipping boxes. The robots
move far faster than the people they re-
placed. Each robot replaces two to five
workers at Earthbound, according to
John Dulchinos, an engineer who is the
chief executive at Adept Technology, a
robot maker based in Pleasanton, Calif.,
that developed Earthbound’s system. 

Robot manufacturers in the United
States say that in many applications, ro-
bots are already more cost-effective
than humans. 

At an automation trade show last
year in Chicago, Ron Potter, the director
of robotics technology at an Atlanta
consulting firm called Factory Automa-
tion Systems, offered attendees a
spreadsheet to calculate how quickly ro-
bots would pay for themselves. 

In one example, a robotic manufac-
turing system initially cost $250,000 and
replaced two machine operators, each
earning $50,000 a year. Over the 15-year
life of the system, the machines yielded
$3.5 million in labor and productivity
savings. 

The Obama administration says this
technological shift presents a historic
opportunity for the nation to stay com-
petitive. “The only way we are going to
maintain manufacturing in the U.S. is if
we have higher productivity,” said Tom
Kalil, deputy director of the White
House Office of Science and Technology
Policy. 

Government officials and industry
executives argue that even if factories
are automated, they still are a valuable
source of jobs. If the United States does
not compete for advanced manufactur-
ing in industries like consumer elec-
tronics, it could lose product engineer-
ing and design as well. Moreover, robot-
ics executives argue that even though
blue-collar jobs will be lost, more effi-
cient manufacturing will create skilled
jobs in designing, operating and servic-
ing the assembly lines, as well as signif-
icant numbers of other kinds of jobs in
the communities where factories are. 

And robot makers point out that their

industry itself creates jobs. A report
commissioned by the International Fed-
eration of Robotics last year found that
150,000 people are already employed by
robotics manufacturers worldwide in
engineering and assembly jobs. 

But American and European domi-
nance in the next generation of manu-
facturing is far from certain. 

“What I see is that the Chinese are
going to apply robots too,” said Frans
van Houten, Philips’s chief executive.
“The window of opportunity to bring
manufacturing back is before that hap-
pens.”

A Faster Assembly Line
Royal Philips Electronics began mak-

ing the first electric shavers in 1939 and
set up the factory here in Drachten in
1950. But Mr. Visser, the engineer who
manages the assembly, takes pride in
the sophistication of the latest shavers.
They sell for as much as $350 and, he
says, are more complex to make than
smartphones.

The assembly line here is made up of
dozens of glass cages housing robots
made by Adept Technology that snake
around the factory floor for more than
100 yards. Video cameras atop the cages
guide the robot arms almost unerringly
to pick up the parts they assemble. The
arms bend wires with millimetric accu-
racy, set toothpick-thin spindles in tiny
holes, grab miniature plastic gears and
set them in housings, and snap pieces of
plastic into place.

The next generation of robots for
manufacturing will be more flexible and
easier to train. 

Witness the factory of Tesla Motors,
which recently began manufacturing
the Tesla S, a luxury sedan, in Fremont,
Calif., on the edge of Silicon Valley. 

More than half of the building is shut-
tered, called “the dark side.” It still
houses a dingy, unused Toyota Corolla
assembly line on which an army of
workers once turned out half a million
cars annually. 

The Tesla assembly line is a stark
contrast, brilliantly lighted. Its fast-
moving robots, bright Tesla red, each
has a single arm with multiple joints.
Most of them are imposing, 8 to 10 feet
tall, giving them a slightly menacing
“Terminator” quality. 

But the arms seem eerily human
when they reach over to a stand and
change their “hand” to perform a differ-
ent task. While the many robots in auto
factories typically perform only one
function, in the new Tesla factory a ro-
bot might do up to four: welding, riv-
eting, bonding and installing a compo-
nent.

As many as eight robots perform a
ballet around each vehicle as it stops at
each station along the line for just five
minutes. Ultimately as many as 83 cars
a day — roughly 20,000 are planned for
the first year — will be produced at the
factory. When the company adds a sport
utility vehicle next year, it will be built
on the same assembly line, once the ro-
bots are reprogrammed. 

Tesla’s factory is tiny but represents
a significant bet on flexible robots, one
that could be a model for the industry.
And others are already thinking bigger. 

Hyundai and Beijing Motors recently
completed a mammoth factory outside
Beijing that can produce a million vehi-
cles a year using more robots and fewer
people than the big factories of their
competitors and with the same flexibil-
ity as Tesla’s, said Paul Chau, an Ameri-
can venture capitalist at WI Harper who
toured the plant in June. 

The New Warehouse
Traditional and futuristic systems

working side by side in a distribution
center north of New York City show
how robotics is transforming the way
products are distributed, threatening
jobs. From this warehouse in New-
burgh, C & S, the nation’s largest gro-

cery wholesaler, supplies a major su-
permarket chain. 

The old system sprawls across almost
half a million square feet. The shelves
are loaded and unloaded around the
clock by hundreds of people driving pal-
let jacks and forklifts. At peak times in
the evening, the warehouse is a cacoph-
ony of beeping and darting electric vehi-
cles as workers with headsets are di-
rected to cases of food by a computer
that speaks to them in four languages.

The new system is much smaller,
squeezed into only 30,000 square feet at
the far end of the warehouse and con-
trolled by just a handful of technicians.
They watch over a four-story cage with
different levels holding 168 “rover” ro-
bots the size of go-carts. Each can move
at 25 miles an hour, nearly as fast as an
Olympic sprinter.

Each rover is connected wirelessly to
a central computer and on command
will race along an aisle until it reaches
its destination — a case of food to re-
trieve or the spot to drop one off for
storage. The robot gathers a box by ex-
tending two-foot-long metal fingers
from its side and sliding them under-
neath. It lifts the box and pulls it to its
belly. Then it accelerates to the front of
the steel cage, where it turns into a wide
lane where it must contend with traffic
— eight robots are active on each level
of the structure, which is 20 aisles wide
and 21 levels high.

From the aisle, the robots wait their
turn to pull into a special open lane
where they deposit each load into an el-
evator that sends a stream of food cases
down to a conveyor belt that leads to a
large robot arm.

About 10 feet tall, the arm has the
grace and dexterity of a skilled su-
permarket bagger, twisting and turning
each case so the final stack forms an
eight-foot cube. The software is sophis-
ticated enough to determine which ro-

bot should pick up which case first, so
when the order arrives at the super-
market, workers can take the cases out
in the precise order in which they are to
go on the shelves. 

When the arm is finished, the cube of
goods is conveyed to a machine that
wraps it in clear plastic to hold it in
place. Then a forklift operator sum-
moned by the computer moves the cube
to a truck for shipment.

Built by Symbotic, a start-up compa-
ny based in the Boston area, this robotic
warehouse is inspired by computer de-
signers who created software algo-
rithms to efficiently organize data to be
stored on a computer’s hard drive.

Jim Baum, Symbotic’s chief execu-
tive, compares the new system to a
huge parallel computer. The design is
efficient because there is no single
choke point; the cases of food moving
through the robotic warehouse are like
the digital bits being processed by the
computer.

Humans’ Changing Role
In the decade since he began working

as a warehouseman in Tolleson, Ariz., a
suburb of Phoenix, Josh Graves has
seen how automation systems can
make work easier but also create new
stress and insecurity. The giant facility
where he works distributes dry goods
for Kroger supermarkets. 

Mr. Graves, 29, went to work in the
warehouse, where his father worked for
three decades, right out of high school.
The demanding job required lifting
heavy boxes and the hours were long.
“They would bring in 15 guys, and only
one would last,” he said.

Today Mr. Graves drives a small fork-
lift-like machine that stores and re-
trieves cases of all sizes. Because such
workers are doing less physical labor,
there are fewer injuries, said Rome

Aloise, a Teamsters vice president in
Northern California. Because a comput-
er sets the pace, the stress is now more
psychological. 

Mr. Graves wears headsets and is in-
structed by a computerized voice on
where to go in the warehouse to gather
or store products. A centralized comput-
er the workers call The Brain dictates
their speed. Managers know exactly
what the workers do, to the precise
minute.

Several years ago, Mr. Graves’s ware-
house installed a German system that
automatically stores and retrieves
cases of food. That led to the elimination
of 106 jobs, roughly 20 percent of the
work force. The new system was initial-
ly maintained by union workers with
high seniority. Then that job went to the
German company, which hired non-
union workers.

Now Kroger plans to build a highly
automated warehouse in Tolleson. Sixty
union workers went before the City
Council last year to oppose the plan, on
which the city has not yet ruled.

“We don’t have a problem with the
machines coming,” Mr. Graves told city
officials. “But tell Kroger we don’t want
to lose these jobs in our city.”

Some jobs are still beyond the reach
of automation: construction jobs that
require workers to move in unpredict-
able settings and perform different
tasks that are not repetitive; assembly
work that requires tactile feedback like
placing fiberglass panels inside air-
planes, boats or cars; and assembly
jobs where only a limited quantity of
products are made or where there are
many versions of each product, requir-
ing expensive reprogramming of ro-
bots. 

But that list is growing shorter.

Upgrading Distribution
Inside a spartan garage in an indus-

trial neighborhood in Palo Alto, Calif., a
robot armed with electronic “eyes” and
a small scoop and suction cups repeat-
edly picks up boxes and drops them
onto a conveyor belt. 

It is doing what low-wage workers do
every day around the world.

Older robots cannot do such work be-
cause computer vision systems were
costly and limited to carefully con-
trolled environments where the lighting
was just right. But thanks to an inex-
pensive stereo camera and software
that lets the system see shapes with the
same ease as humans, this robot can
quickly discern the irregular dimen-
sions of randomly placed objects. 

The robot uses a technology pio-
neered in Microsoft’s Kinect motion
sensing system for its Xbox video game
system.

Such robots will put automation with-
in range of companies like Federal Ex-
press and United Parcel Service that
now employ tens of thousands of work-
ers doing such tasks.

The start-up behind the robot, Indus-
trial Perception Inc., is the first spinoff
of Willow Garage, an ambitious robotics
research firm based in Menlo Park,
Calif. The first customer is likely to be a
company that now employs thousands
of workers to load and unload its trucks.
The workers can move one box every
six seconds on average. But each box
can weigh more than 130 pounds, so the
workers tire easily and sometimes hurt
their backs.

Industrial Perception will win its con-
tract if its machine can reliably move
one box every four seconds. The engi-
neers are confident that the robot will
soon do much better than that, picking
up and setting down one box per sec-
ond.

“We’re on the cusp of completely
changing manufacturing and distribu-
tion,” said Gary Bradski, a machine-
vision scientist who is a founder of In-
dustrial Perception. “I think it’s not as
singular an event, but it will ultimately
have as big an impact as the Internet.”

At More Factories, Skilled Work Without the Workers

PAUL SAKUMA/ASSOCIATED PRESS

Robots at the Tesla Motors factory in Fremont, Calif., recently began manufacturing a new luxury sedan. While the many robots in auto factories
typically perform only one function, in the new Tesla factory a robot might do up to four: welding, riveting, bonding and installing a component.
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Robot arms like those at a Philips Electronics factory in the Nether-
lands, top, can perform the same tasks as hundreds of low-skill
workers in factories like the Foxconn plant in Shenzhen, China.
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day. The analogy is not only to the in-
dustrialization of agriculture but also to
the electrification of manufacturing in
the past century, Mr. McAfee argues.

“At what point does the chain saw re-
place Paul Bunyan?” asked Mike Den-
nison, an executive at Flextronics, a
manufacturer of consumer electronics
products that is based in Silicon Valley
and is increasingly automating assem-
bly work. “There’s always a price point,
and we’re very close to that point.”

But Bran Ferren, a veteran roboticist
and industrial product designer at Ap-
plied Minds in Glendale, Calif., argues
that there are still steep obstacles that
have made the dream of the universal
assembly robot elusive. “I had an early
naïveté about universal robots that
could just do anything,” he said. “You
have to have people around anyway.
And people are pretty good at figuring
out, how do I wiggle the radiator in or
slip the hose on? And these things are
still hard for robots to do.”

Beyond the technical challenges lies
resistance from unionized workers and
communities worried about jobs. The
ascension of robots may mean fewer
jobs are created in this country, even
though rising labor and transportation
costs in Asia and fears of intellectual
property theft are now bringing some
work back to the West. 

Take the cavernous solar-panel fac-
tory run by Flextronics in Milpitas,
south of San Francisco. A large banner
proudly proclaims “Bringing Jobs &
Manufacturing Back to California!”
(Right now China makes a large share
of the solar panels used in this country
and is automating its own industry.)

Yet in the state-of-the-art plant,
where the assembly line runs 24 hours a
day, seven days a week, there are robots
everywhere and few human workers.
All of the heavy lifting and almost all of
the precise work is done by robots that
string together solar cells and seal them
under glass. The human workers do
things like trimming excess material,
threading wires and screwing a handful
of fasteners into a simple frame for each
panel. 

Such advances in manufacturing are
also beginning to transform other sec-
tors that employ millions of workers
around the world. One is distribution,
where robots that zoom at the speed of
the world’s fastest sprinters can store,
retrieve and pack goods for shipment
far more efficiently than people. Robots
could soon replace workers at compa-
nies like C & S Wholesale Grocers, the
nation’s largest grocery distributor,
which has already deployed robot tech-
nology.

Rapid improvement in vision and
touch technologies is putting a wide ar-
ray of manual jobs within the abilities of
robots. For example, Boeing’s wide-
body commercial jets are now riveted
automatically by giant machines that
move rapidly and precisely over the
skin of the planes. Even with these ma-
chines, the company said it struggles to
find enough workers to make its new
787 aircraft. Rather, the machines offer
significant increases in precision and
are safer for workers. 

And at Earthbound Farms in Califor-
nia, four newly installed robot arms
with customized suction cups swiftly
place clamshell containers of organic
lettuce into shipping boxes. The robots
move far faster than the people they re-
placed. Each robot replaces two to five
workers at Earthbound, according to
John Dulchinos, an engineer who is the
chief executive at Adept Technology, a
robot maker based in Pleasanton, Calif.,
that developed Earthbound’s system. 

Robot manufacturers in the United
States say that in many applications, ro-
bots are already more cost-effective
than humans. 

At an automation trade show last
year in Chicago, Ron Potter, the director
of robotics technology at an Atlanta
consulting firm called Factory Automa-
tion Systems, offered attendees a
spreadsheet to calculate how quickly ro-
bots would pay for themselves. 

In one example, a robotic manufac-
turing system initially cost $250,000 and
replaced two machine operators, each
earning $50,000 a year. Over the 15-year
life of the system, the machines yielded
$3.5 million in labor and productivity
savings. 

The Obama administration says this
technological shift presents a historic
opportunity for the nation to stay com-
petitive. “The only way we are going to
maintain manufacturing in the U.S. is if
we have higher productivity,” said Tom
Kalil, deputy director of the White
House Office of Science and Technology
Policy. 

Government officials and industry
executives argue that even if factories
are automated, they still are a valuable
source of jobs. If the United States does
not compete for advanced manufactur-
ing in industries like consumer elec-
tronics, it could lose product engineer-
ing and design as well. Moreover, robot-
ics executives argue that even though
blue-collar jobs will be lost, more effi-
cient manufacturing will create skilled
jobs in designing, operating and servic-
ing the assembly lines, as well as signif-
icant numbers of other kinds of jobs in
the communities where factories are. 

And robot makers point out that their

industry itself creates jobs. A report
commissioned by the International Fed-
eration of Robotics last year found that
150,000 people are already employed by
robotics manufacturers worldwide in
engineering and assembly jobs. 

But American and European domi-
nance in the next generation of manu-
facturing is far from certain. 

“What I see is that the Chinese are
going to apply robots too,” said Frans
van Houten, Philips’s chief executive.
“The window of opportunity to bring
manufacturing back is before that hap-
pens.”

A Faster Assembly Line
Royal Philips Electronics began mak-

ing the first electric shavers in 1939 and
set up the factory here in Drachten in
1950. But Mr. Visser, the engineer who
manages the assembly, takes pride in
the sophistication of the latest shavers.
They sell for as much as $350 and, he
says, are more complex to make than
smartphones.

The assembly line here is made up of
dozens of glass cages housing robots
made by Adept Technology that snake
around the factory floor for more than
100 yards. Video cameras atop the cages
guide the robot arms almost unerringly
to pick up the parts they assemble. The
arms bend wires with millimetric accu-
racy, set toothpick-thin spindles in tiny
holes, grab miniature plastic gears and
set them in housings, and snap pieces of
plastic into place.

The next generation of robots for
manufacturing will be more flexible and
easier to train. 

Witness the factory of Tesla Motors,
which recently began manufacturing
the Tesla S, a luxury sedan, in Fremont,
Calif., on the edge of Silicon Valley. 

More than half of the building is shut-
tered, called “the dark side.” It still
houses a dingy, unused Toyota Corolla
assembly line on which an army of
workers once turned out half a million
cars annually. 

The Tesla assembly line is a stark
contrast, brilliantly lighted. Its fast-
moving robots, bright Tesla red, each
has a single arm with multiple joints.
Most of them are imposing, 8 to 10 feet
tall, giving them a slightly menacing
“Terminator” quality. 

But the arms seem eerily human
when they reach over to a stand and
change their “hand” to perform a differ-
ent task. While the many robots in auto
factories typically perform only one
function, in the new Tesla factory a ro-
bot might do up to four: welding, riv-
eting, bonding and installing a compo-
nent.

As many as eight robots perform a
ballet around each vehicle as it stops at
each station along the line for just five
minutes. Ultimately as many as 83 cars
a day — roughly 20,000 are planned for
the first year — will be produced at the
factory. When the company adds a sport
utility vehicle next year, it will be built
on the same assembly line, once the ro-
bots are reprogrammed. 

Tesla’s factory is tiny but represents
a significant bet on flexible robots, one
that could be a model for the industry.
And others are already thinking bigger. 

Hyundai and Beijing Motors recently
completed a mammoth factory outside
Beijing that can produce a million vehi-
cles a year using more robots and fewer
people than the big factories of their
competitors and with the same flexibil-
ity as Tesla’s, said Paul Chau, an Ameri-
can venture capitalist at WI Harper who
toured the plant in June. 

The New Warehouse
Traditional and futuristic systems

working side by side in a distribution
center north of New York City show
how robotics is transforming the way
products are distributed, threatening
jobs. From this warehouse in New-
burgh, C & S, the nation’s largest gro-

cery wholesaler, supplies a major su-
permarket chain. 

The old system sprawls across almost
half a million square feet. The shelves
are loaded and unloaded around the
clock by hundreds of people driving pal-
let jacks and forklifts. At peak times in
the evening, the warehouse is a cacoph-
ony of beeping and darting electric vehi-
cles as workers with headsets are di-
rected to cases of food by a computer
that speaks to them in four languages.

The new system is much smaller,
squeezed into only 30,000 square feet at
the far end of the warehouse and con-
trolled by just a handful of technicians.
They watch over a four-story cage with
different levels holding 168 “rover” ro-
bots the size of go-carts. Each can move
at 25 miles an hour, nearly as fast as an
Olympic sprinter.

Each rover is connected wirelessly to
a central computer and on command
will race along an aisle until it reaches
its destination — a case of food to re-
trieve or the spot to drop one off for
storage. The robot gathers a box by ex-
tending two-foot-long metal fingers
from its side and sliding them under-
neath. It lifts the box and pulls it to its
belly. Then it accelerates to the front of
the steel cage, where it turns into a wide
lane where it must contend with traffic
— eight robots are active on each level
of the structure, which is 20 aisles wide
and 21 levels high.

From the aisle, the robots wait their
turn to pull into a special open lane
where they deposit each load into an el-
evator that sends a stream of food cases
down to a conveyor belt that leads to a
large robot arm.

About 10 feet tall, the arm has the
grace and dexterity of a skilled su-
permarket bagger, twisting and turning
each case so the final stack forms an
eight-foot cube. The software is sophis-
ticated enough to determine which ro-

bot should pick up which case first, so
when the order arrives at the super-
market, workers can take the cases out
in the precise order in which they are to
go on the shelves. 

When the arm is finished, the cube of
goods is conveyed to a machine that
wraps it in clear plastic to hold it in
place. Then a forklift operator sum-
moned by the computer moves the cube
to a truck for shipment.

Built by Symbotic, a start-up compa-
ny based in the Boston area, this robotic
warehouse is inspired by computer de-
signers who created software algo-
rithms to efficiently organize data to be
stored on a computer’s hard drive.

Jim Baum, Symbotic’s chief execu-
tive, compares the new system to a
huge parallel computer. The design is
efficient because there is no single
choke point; the cases of food moving
through the robotic warehouse are like
the digital bits being processed by the
computer.

Humans’ Changing Role
In the decade since he began working

as a warehouseman in Tolleson, Ariz., a
suburb of Phoenix, Josh Graves has
seen how automation systems can
make work easier but also create new
stress and insecurity. The giant facility
where he works distributes dry goods
for Kroger supermarkets. 

Mr. Graves, 29, went to work in the
warehouse, where his father worked for
three decades, right out of high school.
The demanding job required lifting
heavy boxes and the hours were long.
“They would bring in 15 guys, and only
one would last,” he said.

Today Mr. Graves drives a small fork-
lift-like machine that stores and re-
trieves cases of all sizes. Because such
workers are doing less physical labor,
there are fewer injuries, said Rome

Aloise, a Teamsters vice president in
Northern California. Because a comput-
er sets the pace, the stress is now more
psychological. 

Mr. Graves wears headsets and is in-
structed by a computerized voice on
where to go in the warehouse to gather
or store products. A centralized comput-
er the workers call The Brain dictates
their speed. Managers know exactly
what the workers do, to the precise
minute.

Several years ago, Mr. Graves’s ware-
house installed a German system that
automatically stores and retrieves
cases of food. That led to the elimination
of 106 jobs, roughly 20 percent of the
work force. The new system was initial-
ly maintained by union workers with
high seniority. Then that job went to the
German company, which hired non-
union workers.

Now Kroger plans to build a highly
automated warehouse in Tolleson. Sixty
union workers went before the City
Council last year to oppose the plan, on
which the city has not yet ruled.

“We don’t have a problem with the
machines coming,” Mr. Graves told city
officials. “But tell Kroger we don’t want
to lose these jobs in our city.”

Some jobs are still beyond the reach
of automation: construction jobs that
require workers to move in unpredict-
able settings and perform different
tasks that are not repetitive; assembly
work that requires tactile feedback like
placing fiberglass panels inside air-
planes, boats or cars; and assembly
jobs where only a limited quantity of
products are made or where there are
many versions of each product, requir-
ing expensive reprogramming of ro-
bots. 

But that list is growing shorter.

Upgrading Distribution
Inside a spartan garage in an indus-

trial neighborhood in Palo Alto, Calif., a
robot armed with electronic “eyes” and
a small scoop and suction cups repeat-
edly picks up boxes and drops them
onto a conveyor belt. 

It is doing what low-wage workers do
every day around the world.

Older robots cannot do such work be-
cause computer vision systems were
costly and limited to carefully con-
trolled environments where the lighting
was just right. But thanks to an inex-
pensive stereo camera and software
that lets the system see shapes with the
same ease as humans, this robot can
quickly discern the irregular dimen-
sions of randomly placed objects. 

The robot uses a technology pio-
neered in Microsoft’s Kinect motion
sensing system for its Xbox video game
system.

Such robots will put automation with-
in range of companies like Federal Ex-
press and United Parcel Service that
now employ tens of thousands of work-
ers doing such tasks.

The start-up behind the robot, Indus-
trial Perception Inc., is the first spinoff
of Willow Garage, an ambitious robotics
research firm based in Menlo Park,
Calif. The first customer is likely to be a
company that now employs thousands
of workers to load and unload its trucks.
The workers can move one box every
six seconds on average. But each box
can weigh more than 130 pounds, so the
workers tire easily and sometimes hurt
their backs.

Industrial Perception will win its con-
tract if its machine can reliably move
one box every four seconds. The engi-
neers are confident that the robot will
soon do much better than that, picking
up and setting down one box per sec-
ond.

“We’re on the cusp of completely
changing manufacturing and distribu-
tion,” said Gary Bradski, a machine-
vision scientist who is a founder of In-
dustrial Perception. “I think it’s not as
singular an event, but it will ultimately
have as big an impact as the Internet.”

At More Factories, Skilled Work Without the Workers

PAUL SAKUMA/ASSOCIATED PRESS

Robots at the Tesla Motors factory in Fremont, Calif., recently began manufacturing a new luxury sedan. While the many robots in auto factories
typically perform only one function, in the new Tesla factory a robot might do up to four: welding, riveting, bonding and installing a component.
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Robot arms like those at a Philips Electronics factory in the Nether-
lands, top, can perform the same tasks as hundreds of low-skill
workers in factories like the Foxconn plant in Shenzhen, China.
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day. The analogy is not only to the in-
dustrialization of agriculture but also to
the electrification of manufacturing in
the past century, Mr. McAfee argues.

“At what point does the chain saw re-
place Paul Bunyan?” asked Mike Den-
nison, an executive at Flextronics, a
manufacturer of consumer electronics
products that is based in Silicon Valley
and is increasingly automating assem-
bly work. “There’s always a price point,
and we’re very close to that point.”

But Bran Ferren, a veteran roboticist
and industrial product designer at Ap-
plied Minds in Glendale, Calif., argues
that there are still steep obstacles that
have made the dream of the universal
assembly robot elusive. “I had an early
naïveté about universal robots that
could just do anything,” he said. “You
have to have people around anyway.
And people are pretty good at figuring
out, how do I wiggle the radiator in or
slip the hose on? And these things are
still hard for robots to do.”

Beyond the technical challenges lies
resistance from unionized workers and
communities worried about jobs. The
ascension of robots may mean fewer
jobs are created in this country, even
though rising labor and transportation
costs in Asia and fears of intellectual
property theft are now bringing some
work back to the West. 

Take the cavernous solar-panel fac-
tory run by Flextronics in Milpitas,
south of San Francisco. A large banner
proudly proclaims “Bringing Jobs &
Manufacturing Back to California!”
(Right now China makes a large share
of the solar panels used in this country
and is automating its own industry.)

Yet in the state-of-the-art plant,
where the assembly line runs 24 hours a
day, seven days a week, there are robots
everywhere and few human workers.
All of the heavy lifting and almost all of
the precise work is done by robots that
string together solar cells and seal them
under glass. The human workers do
things like trimming excess material,
threading wires and screwing a handful
of fasteners into a simple frame for each
panel. 

Such advances in manufacturing are
also beginning to transform other sec-
tors that employ millions of workers
around the world. One is distribution,
where robots that zoom at the speed of
the world’s fastest sprinters can store,
retrieve and pack goods for shipment
far more efficiently than people. Robots
could soon replace workers at compa-
nies like C & S Wholesale Grocers, the
nation’s largest grocery distributor,
which has already deployed robot tech-
nology.

Rapid improvement in vision and
touch technologies is putting a wide ar-
ray of manual jobs within the abilities of
robots. For example, Boeing’s wide-
body commercial jets are now riveted
automatically by giant machines that
move rapidly and precisely over the
skin of the planes. Even with these ma-
chines, the company said it struggles to
find enough workers to make its new
787 aircraft. Rather, the machines offer
significant increases in precision and
are safer for workers. 

And at Earthbound Farms in Califor-
nia, four newly installed robot arms
with customized suction cups swiftly
place clamshell containers of organic
lettuce into shipping boxes. The robots
move far faster than the people they re-
placed. Each robot replaces two to five
workers at Earthbound, according to
John Dulchinos, an engineer who is the
chief executive at Adept Technology, a
robot maker based in Pleasanton, Calif.,
that developed Earthbound’s system. 

Robot manufacturers in the United
States say that in many applications, ro-
bots are already more cost-effective
than humans. 

At an automation trade show last
year in Chicago, Ron Potter, the director
of robotics technology at an Atlanta
consulting firm called Factory Automa-
tion Systems, offered attendees a
spreadsheet to calculate how quickly ro-
bots would pay for themselves. 

In one example, a robotic manufac-
turing system initially cost $250,000 and
replaced two machine operators, each
earning $50,000 a year. Over the 15-year
life of the system, the machines yielded
$3.5 million in labor and productivity
savings. 

The Obama administration says this
technological shift presents a historic
opportunity for the nation to stay com-
petitive. “The only way we are going to
maintain manufacturing in the U.S. is if
we have higher productivity,” said Tom
Kalil, deputy director of the White
House Office of Science and Technology
Policy. 

Government officials and industry
executives argue that even if factories
are automated, they still are a valuable
source of jobs. If the United States does
not compete for advanced manufactur-
ing in industries like consumer elec-
tronics, it could lose product engineer-
ing and design as well. Moreover, robot-
ics executives argue that even though
blue-collar jobs will be lost, more effi-
cient manufacturing will create skilled
jobs in designing, operating and servic-
ing the assembly lines, as well as signif-
icant numbers of other kinds of jobs in
the communities where factories are. 

And robot makers point out that their

industry itself creates jobs. A report
commissioned by the International Fed-
eration of Robotics last year found that
150,000 people are already employed by
robotics manufacturers worldwide in
engineering and assembly jobs. 

But American and European domi-
nance in the next generation of manu-
facturing is far from certain. 

“What I see is that the Chinese are
going to apply robots too,” said Frans
van Houten, Philips’s chief executive.
“The window of opportunity to bring
manufacturing back is before that hap-
pens.”

A Faster Assembly Line
Royal Philips Electronics began mak-

ing the first electric shavers in 1939 and
set up the factory here in Drachten in
1950. But Mr. Visser, the engineer who
manages the assembly, takes pride in
the sophistication of the latest shavers.
They sell for as much as $350 and, he
says, are more complex to make than
smartphones.

The assembly line here is made up of
dozens of glass cages housing robots
made by Adept Technology that snake
around the factory floor for more than
100 yards. Video cameras atop the cages
guide the robot arms almost unerringly
to pick up the parts they assemble. The
arms bend wires with millimetric accu-
racy, set toothpick-thin spindles in tiny
holes, grab miniature plastic gears and
set them in housings, and snap pieces of
plastic into place.

The next generation of robots for
manufacturing will be more flexible and
easier to train. 

Witness the factory of Tesla Motors,
which recently began manufacturing
the Tesla S, a luxury sedan, in Fremont,
Calif., on the edge of Silicon Valley. 

More than half of the building is shut-
tered, called “the dark side.” It still
houses a dingy, unused Toyota Corolla
assembly line on which an army of
workers once turned out half a million
cars annually. 

The Tesla assembly line is a stark
contrast, brilliantly lighted. Its fast-
moving robots, bright Tesla red, each
has a single arm with multiple joints.
Most of them are imposing, 8 to 10 feet
tall, giving them a slightly menacing
“Terminator” quality. 

But the arms seem eerily human
when they reach over to a stand and
change their “hand” to perform a differ-
ent task. While the many robots in auto
factories typically perform only one
function, in the new Tesla factory a ro-
bot might do up to four: welding, riv-
eting, bonding and installing a compo-
nent.

As many as eight robots perform a
ballet around each vehicle as it stops at
each station along the line for just five
minutes. Ultimately as many as 83 cars
a day — roughly 20,000 are planned for
the first year — will be produced at the
factory. When the company adds a sport
utility vehicle next year, it will be built
on the same assembly line, once the ro-
bots are reprogrammed. 

Tesla’s factory is tiny but represents
a significant bet on flexible robots, one
that could be a model for the industry.
And others are already thinking bigger. 

Hyundai and Beijing Motors recently
completed a mammoth factory outside
Beijing that can produce a million vehi-
cles a year using more robots and fewer
people than the big factories of their
competitors and with the same flexibil-
ity as Tesla’s, said Paul Chau, an Ameri-
can venture capitalist at WI Harper who
toured the plant in June. 

The New Warehouse
Traditional and futuristic systems

working side by side in a distribution
center north of New York City show
how robotics is transforming the way
products are distributed, threatening
jobs. From this warehouse in New-
burgh, C & S, the nation’s largest gro-

cery wholesaler, supplies a major su-
permarket chain. 

The old system sprawls across almost
half a million square feet. The shelves
are loaded and unloaded around the
clock by hundreds of people driving pal-
let jacks and forklifts. At peak times in
the evening, the warehouse is a cacoph-
ony of beeping and darting electric vehi-
cles as workers with headsets are di-
rected to cases of food by a computer
that speaks to them in four languages.

The new system is much smaller,
squeezed into only 30,000 square feet at
the far end of the warehouse and con-
trolled by just a handful of technicians.
They watch over a four-story cage with
different levels holding 168 “rover” ro-
bots the size of go-carts. Each can move
at 25 miles an hour, nearly as fast as an
Olympic sprinter.

Each rover is connected wirelessly to
a central computer and on command
will race along an aisle until it reaches
its destination — a case of food to re-
trieve or the spot to drop one off for
storage. The robot gathers a box by ex-
tending two-foot-long metal fingers
from its side and sliding them under-
neath. It lifts the box and pulls it to its
belly. Then it accelerates to the front of
the steel cage, where it turns into a wide
lane where it must contend with traffic
— eight robots are active on each level
of the structure, which is 20 aisles wide
and 21 levels high.

From the aisle, the robots wait their
turn to pull into a special open lane
where they deposit each load into an el-
evator that sends a stream of food cases
down to a conveyor belt that leads to a
large robot arm.

About 10 feet tall, the arm has the
grace and dexterity of a skilled su-
permarket bagger, twisting and turning
each case so the final stack forms an
eight-foot cube. The software is sophis-
ticated enough to determine which ro-

bot should pick up which case first, so
when the order arrives at the super-
market, workers can take the cases out
in the precise order in which they are to
go on the shelves. 

When the arm is finished, the cube of
goods is conveyed to a machine that
wraps it in clear plastic to hold it in
place. Then a forklift operator sum-
moned by the computer moves the cube
to a truck for shipment.

Built by Symbotic, a start-up compa-
ny based in the Boston area, this robotic
warehouse is inspired by computer de-
signers who created software algo-
rithms to efficiently organize data to be
stored on a computer’s hard drive.

Jim Baum, Symbotic’s chief execu-
tive, compares the new system to a
huge parallel computer. The design is
efficient because there is no single
choke point; the cases of food moving
through the robotic warehouse are like
the digital bits being processed by the
computer.

Humans’ Changing Role
In the decade since he began working

as a warehouseman in Tolleson, Ariz., a
suburb of Phoenix, Josh Graves has
seen how automation systems can
make work easier but also create new
stress and insecurity. The giant facility
where he works distributes dry goods
for Kroger supermarkets. 

Mr. Graves, 29, went to work in the
warehouse, where his father worked for
three decades, right out of high school.
The demanding job required lifting
heavy boxes and the hours were long.
“They would bring in 15 guys, and only
one would last,” he said.

Today Mr. Graves drives a small fork-
lift-like machine that stores and re-
trieves cases of all sizes. Because such
workers are doing less physical labor,
there are fewer injuries, said Rome

Aloise, a Teamsters vice president in
Northern California. Because a comput-
er sets the pace, the stress is now more
psychological. 

Mr. Graves wears headsets and is in-
structed by a computerized voice on
where to go in the warehouse to gather
or store products. A centralized comput-
er the workers call The Brain dictates
their speed. Managers know exactly
what the workers do, to the precise
minute.

Several years ago, Mr. Graves’s ware-
house installed a German system that
automatically stores and retrieves
cases of food. That led to the elimination
of 106 jobs, roughly 20 percent of the
work force. The new system was initial-
ly maintained by union workers with
high seniority. Then that job went to the
German company, which hired non-
union workers.

Now Kroger plans to build a highly
automated warehouse in Tolleson. Sixty
union workers went before the City
Council last year to oppose the plan, on
which the city has not yet ruled.

“We don’t have a problem with the
machines coming,” Mr. Graves told city
officials. “But tell Kroger we don’t want
to lose these jobs in our city.”

Some jobs are still beyond the reach
of automation: construction jobs that
require workers to move in unpredict-
able settings and perform different
tasks that are not repetitive; assembly
work that requires tactile feedback like
placing fiberglass panels inside air-
planes, boats or cars; and assembly
jobs where only a limited quantity of
products are made or where there are
many versions of each product, requir-
ing expensive reprogramming of ro-
bots. 

But that list is growing shorter.

Upgrading Distribution
Inside a spartan garage in an indus-

trial neighborhood in Palo Alto, Calif., a
robot armed with electronic “eyes” and
a small scoop and suction cups repeat-
edly picks up boxes and drops them
onto a conveyor belt. 

It is doing what low-wage workers do
every day around the world.

Older robots cannot do such work be-
cause computer vision systems were
costly and limited to carefully con-
trolled environments where the lighting
was just right. But thanks to an inex-
pensive stereo camera and software
that lets the system see shapes with the
same ease as humans, this robot can
quickly discern the irregular dimen-
sions of randomly placed objects. 

The robot uses a technology pio-
neered in Microsoft’s Kinect motion
sensing system for its Xbox video game
system.

Such robots will put automation with-
in range of companies like Federal Ex-
press and United Parcel Service that
now employ tens of thousands of work-
ers doing such tasks.

The start-up behind the robot, Indus-
trial Perception Inc., is the first spinoff
of Willow Garage, an ambitious robotics
research firm based in Menlo Park,
Calif. The first customer is likely to be a
company that now employs thousands
of workers to load and unload its trucks.
The workers can move one box every
six seconds on average. But each box
can weigh more than 130 pounds, so the
workers tire easily and sometimes hurt
their backs.

Industrial Perception will win its con-
tract if its machine can reliably move
one box every four seconds. The engi-
neers are confident that the robot will
soon do much better than that, picking
up and setting down one box per sec-
ond.

“We’re on the cusp of completely
changing manufacturing and distribu-
tion,” said Gary Bradski, a machine-
vision scientist who is a founder of In-
dustrial Perception. “I think it’s not as
singular an event, but it will ultimately
have as big an impact as the Internet.”

At More Factories, Skilled Work Without the Workers

PAUL SAKUMA/ASSOCIATED PRESS

Robots at the Tesla Motors factory in Fremont, Calif., recently began manufacturing a new luxury sedan. While the many robots in auto factories
typically perform only one function, in the new Tesla factory a robot might do up to four: welding, riveting, bonding and installing a component.
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Robot arms like those at a Philips Electronics factory in the Nether-
lands, top, can perform the same tasks as hundreds of low-skill
workers in factories like the Foxconn plant in Shenzhen, China.
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day. The analogy is not only to the in-
dustrialization of agriculture but also to
the electrification of manufacturing in
the past century, Mr. McAfee argues.

“At what point does the chain saw re-
place Paul Bunyan?” asked Mike Den-
nison, an executive at Flextronics, a
manufacturer of consumer electronics
products that is based in Silicon Valley
and is increasingly automating assem-
bly work. “There’s always a price point,
and we’re very close to that point.”

But Bran Ferren, a veteran roboticist
and industrial product designer at Ap-
plied Minds in Glendale, Calif., argues
that there are still steep obstacles that
have made the dream of the universal
assembly robot elusive. “I had an early
naïveté about universal robots that
could just do anything,” he said. “You
have to have people around anyway.
And people are pretty good at figuring
out, how do I wiggle the radiator in or
slip the hose on? And these things are
still hard for robots to do.”

Beyond the technical challenges lies
resistance from unionized workers and
communities worried about jobs. The
ascension of robots may mean fewer
jobs are created in this country, even
though rising labor and transportation
costs in Asia and fears of intellectual
property theft are now bringing some
work back to the West. 

Take the cavernous solar-panel fac-
tory run by Flextronics in Milpitas,
south of San Francisco. A large banner
proudly proclaims “Bringing Jobs &
Manufacturing Back to California!”
(Right now China makes a large share
of the solar panels used in this country
and is automating its own industry.)

Yet in the state-of-the-art plant,
where the assembly line runs 24 hours a
day, seven days a week, there are robots
everywhere and few human workers.
All of the heavy lifting and almost all of
the precise work is done by robots that
string together solar cells and seal them
under glass. The human workers do
things like trimming excess material,
threading wires and screwing a handful
of fasteners into a simple frame for each
panel. 

Such advances in manufacturing are
also beginning to transform other sec-
tors that employ millions of workers
around the world. One is distribution,
where robots that zoom at the speed of
the world’s fastest sprinters can store,
retrieve and pack goods for shipment
far more efficiently than people. Robots
could soon replace workers at compa-
nies like C & S Wholesale Grocers, the
nation’s largest grocery distributor,
which has already deployed robot tech-
nology.

Rapid improvement in vision and
touch technologies is putting a wide ar-
ray of manual jobs within the abilities of
robots. For example, Boeing’s wide-
body commercial jets are now riveted
automatically by giant machines that
move rapidly and precisely over the
skin of the planes. Even with these ma-
chines, the company said it struggles to
find enough workers to make its new
787 aircraft. Rather, the machines offer
significant increases in precision and
are safer for workers. 

And at Earthbound Farms in Califor-
nia, four newly installed robot arms
with customized suction cups swiftly
place clamshell containers of organic
lettuce into shipping boxes. The robots
move far faster than the people they re-
placed. Each robot replaces two to five
workers at Earthbound, according to
John Dulchinos, an engineer who is the
chief executive at Adept Technology, a
robot maker based in Pleasanton, Calif.,
that developed Earthbound’s system. 

Robot manufacturers in the United
States say that in many applications, ro-
bots are already more cost-effective
than humans. 

At an automation trade show last
year in Chicago, Ron Potter, the director
of robotics technology at an Atlanta
consulting firm called Factory Automa-
tion Systems, offered attendees a
spreadsheet to calculate how quickly ro-
bots would pay for themselves. 

In one example, a robotic manufac-
turing system initially cost $250,000 and
replaced two machine operators, each
earning $50,000 a year. Over the 15-year
life of the system, the machines yielded
$3.5 million in labor and productivity
savings. 

The Obama administration says this
technological shift presents a historic
opportunity for the nation to stay com-
petitive. “The only way we are going to
maintain manufacturing in the U.S. is if
we have higher productivity,” said Tom
Kalil, deputy director of the White
House Office of Science and Technology
Policy. 

Government officials and industry
executives argue that even if factories
are automated, they still are a valuable
source of jobs. If the United States does
not compete for advanced manufactur-
ing in industries like consumer elec-
tronics, it could lose product engineer-
ing and design as well. Moreover, robot-
ics executives argue that even though
blue-collar jobs will be lost, more effi-
cient manufacturing will create skilled
jobs in designing, operating and servic-
ing the assembly lines, as well as signif-
icant numbers of other kinds of jobs in
the communities where factories are. 

And robot makers point out that their

industry itself creates jobs. A report
commissioned by the International Fed-
eration of Robotics last year found that
150,000 people are already employed by
robotics manufacturers worldwide in
engineering and assembly jobs. 

But American and European domi-
nance in the next generation of manu-
facturing is far from certain. 

“What I see is that the Chinese are
going to apply robots too,” said Frans
van Houten, Philips’s chief executive.
“The window of opportunity to bring
manufacturing back is before that hap-
pens.”

A Faster Assembly Line
Royal Philips Electronics began mak-

ing the first electric shavers in 1939 and
set up the factory here in Drachten in
1950. But Mr. Visser, the engineer who
manages the assembly, takes pride in
the sophistication of the latest shavers.
They sell for as much as $350 and, he
says, are more complex to make than
smartphones.

The assembly line here is made up of
dozens of glass cages housing robots
made by Adept Technology that snake
around the factory floor for more than
100 yards. Video cameras atop the cages
guide the robot arms almost unerringly
to pick up the parts they assemble. The
arms bend wires with millimetric accu-
racy, set toothpick-thin spindles in tiny
holes, grab miniature plastic gears and
set them in housings, and snap pieces of
plastic into place.

The next generation of robots for
manufacturing will be more flexible and
easier to train. 

Witness the factory of Tesla Motors,
which recently began manufacturing
the Tesla S, a luxury sedan, in Fremont,
Calif., on the edge of Silicon Valley. 

More than half of the building is shut-
tered, called “the dark side.” It still
houses a dingy, unused Toyota Corolla
assembly line on which an army of
workers once turned out half a million
cars annually. 

The Tesla assembly line is a stark
contrast, brilliantly lighted. Its fast-
moving robots, bright Tesla red, each
has a single arm with multiple joints.
Most of them are imposing, 8 to 10 feet
tall, giving them a slightly menacing
“Terminator” quality. 

But the arms seem eerily human
when they reach over to a stand and
change their “hand” to perform a differ-
ent task. While the many robots in auto
factories typically perform only one
function, in the new Tesla factory a ro-
bot might do up to four: welding, riv-
eting, bonding and installing a compo-
nent.

As many as eight robots perform a
ballet around each vehicle as it stops at
each station along the line for just five
minutes. Ultimately as many as 83 cars
a day — roughly 20,000 are planned for
the first year — will be produced at the
factory. When the company adds a sport
utility vehicle next year, it will be built
on the same assembly line, once the ro-
bots are reprogrammed. 

Tesla’s factory is tiny but represents
a significant bet on flexible robots, one
that could be a model for the industry.
And others are already thinking bigger. 

Hyundai and Beijing Motors recently
completed a mammoth factory outside
Beijing that can produce a million vehi-
cles a year using more robots and fewer
people than the big factories of their
competitors and with the same flexibil-
ity as Tesla’s, said Paul Chau, an Ameri-
can venture capitalist at WI Harper who
toured the plant in June. 

The New Warehouse
Traditional and futuristic systems

working side by side in a distribution
center north of New York City show
how robotics is transforming the way
products are distributed, threatening
jobs. From this warehouse in New-
burgh, C & S, the nation’s largest gro-

cery wholesaler, supplies a major su-
permarket chain. 

The old system sprawls across almost
half a million square feet. The shelves
are loaded and unloaded around the
clock by hundreds of people driving pal-
let jacks and forklifts. At peak times in
the evening, the warehouse is a cacoph-
ony of beeping and darting electric vehi-
cles as workers with headsets are di-
rected to cases of food by a computer
that speaks to them in four languages.

The new system is much smaller,
squeezed into only 30,000 square feet at
the far end of the warehouse and con-
trolled by just a handful of technicians.
They watch over a four-story cage with
different levels holding 168 “rover” ro-
bots the size of go-carts. Each can move
at 25 miles an hour, nearly as fast as an
Olympic sprinter.

Each rover is connected wirelessly to
a central computer and on command
will race along an aisle until it reaches
its destination — a case of food to re-
trieve or the spot to drop one off for
storage. The robot gathers a box by ex-
tending two-foot-long metal fingers
from its side and sliding them under-
neath. It lifts the box and pulls it to its
belly. Then it accelerates to the front of
the steel cage, where it turns into a wide
lane where it must contend with traffic
— eight robots are active on each level
of the structure, which is 20 aisles wide
and 21 levels high.

From the aisle, the robots wait their
turn to pull into a special open lane
where they deposit each load into an el-
evator that sends a stream of food cases
down to a conveyor belt that leads to a
large robot arm.

About 10 feet tall, the arm has the
grace and dexterity of a skilled su-
permarket bagger, twisting and turning
each case so the final stack forms an
eight-foot cube. The software is sophis-
ticated enough to determine which ro-

bot should pick up which case first, so
when the order arrives at the super-
market, workers can take the cases out
in the precise order in which they are to
go on the shelves. 

When the arm is finished, the cube of
goods is conveyed to a machine that
wraps it in clear plastic to hold it in
place. Then a forklift operator sum-
moned by the computer moves the cube
to a truck for shipment.

Built by Symbotic, a start-up compa-
ny based in the Boston area, this robotic
warehouse is inspired by computer de-
signers who created software algo-
rithms to efficiently organize data to be
stored on a computer’s hard drive.

Jim Baum, Symbotic’s chief execu-
tive, compares the new system to a
huge parallel computer. The design is
efficient because there is no single
choke point; the cases of food moving
through the robotic warehouse are like
the digital bits being processed by the
computer.

Humans’ Changing Role
In the decade since he began working

as a warehouseman in Tolleson, Ariz., a
suburb of Phoenix, Josh Graves has
seen how automation systems can
make work easier but also create new
stress and insecurity. The giant facility
where he works distributes dry goods
for Kroger supermarkets. 

Mr. Graves, 29, went to work in the
warehouse, where his father worked for
three decades, right out of high school.
The demanding job required lifting
heavy boxes and the hours were long.
“They would bring in 15 guys, and only
one would last,” he said.

Today Mr. Graves drives a small fork-
lift-like machine that stores and re-
trieves cases of all sizes. Because such
workers are doing less physical labor,
there are fewer injuries, said Rome

Aloise, a Teamsters vice president in
Northern California. Because a comput-
er sets the pace, the stress is now more
psychological. 

Mr. Graves wears headsets and is in-
structed by a computerized voice on
where to go in the warehouse to gather
or store products. A centralized comput-
er the workers call The Brain dictates
their speed. Managers know exactly
what the workers do, to the precise
minute.

Several years ago, Mr. Graves’s ware-
house installed a German system that
automatically stores and retrieves
cases of food. That led to the elimination
of 106 jobs, roughly 20 percent of the
work force. The new system was initial-
ly maintained by union workers with
high seniority. Then that job went to the
German company, which hired non-
union workers.

Now Kroger plans to build a highly
automated warehouse in Tolleson. Sixty
union workers went before the City
Council last year to oppose the plan, on
which the city has not yet ruled.

“We don’t have a problem with the
machines coming,” Mr. Graves told city
officials. “But tell Kroger we don’t want
to lose these jobs in our city.”

Some jobs are still beyond the reach
of automation: construction jobs that
require workers to move in unpredict-
able settings and perform different
tasks that are not repetitive; assembly
work that requires tactile feedback like
placing fiberglass panels inside air-
planes, boats or cars; and assembly
jobs where only a limited quantity of
products are made or where there are
many versions of each product, requir-
ing expensive reprogramming of ro-
bots. 

But that list is growing shorter.

Upgrading Distribution
Inside a spartan garage in an indus-

trial neighborhood in Palo Alto, Calif., a
robot armed with electronic “eyes” and
a small scoop and suction cups repeat-
edly picks up boxes and drops them
onto a conveyor belt. 

It is doing what low-wage workers do
every day around the world.

Older robots cannot do such work be-
cause computer vision systems were
costly and limited to carefully con-
trolled environments where the lighting
was just right. But thanks to an inex-
pensive stereo camera and software
that lets the system see shapes with the
same ease as humans, this robot can
quickly discern the irregular dimen-
sions of randomly placed objects. 

The robot uses a technology pio-
neered in Microsoft’s Kinect motion
sensing system for its Xbox video game
system.

Such robots will put automation with-
in range of companies like Federal Ex-
press and United Parcel Service that
now employ tens of thousands of work-
ers doing such tasks.

The start-up behind the robot, Indus-
trial Perception Inc., is the first spinoff
of Willow Garage, an ambitious robotics
research firm based in Menlo Park,
Calif. The first customer is likely to be a
company that now employs thousands
of workers to load and unload its trucks.
The workers can move one box every
six seconds on average. But each box
can weigh more than 130 pounds, so the
workers tire easily and sometimes hurt
their backs.

Industrial Perception will win its con-
tract if its machine can reliably move
one box every four seconds. The engi-
neers are confident that the robot will
soon do much better than that, picking
up and setting down one box per sec-
ond.

“We’re on the cusp of completely
changing manufacturing and distribu-
tion,” said Gary Bradski, a machine-
vision scientist who is a founder of In-
dustrial Perception. “I think it’s not as
singular an event, but it will ultimately
have as big an impact as the Internet.”

At More Factories, Skilled Work Without the Workers

PAUL SAKUMA/ASSOCIATED PRESS

Robots at the Tesla Motors factory in Fremont, Calif., recently began manufacturing a new luxury sedan. While the many robots in auto factories
typically perform only one function, in the new Tesla factory a robot might do up to four: welding, riveting, bonding and installing a component.
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Robot arms like those at a Philips Electronics factory in the Nether-
lands, top, can perform the same tasks as hundreds of low-skill
workers in factories like the Foxconn plant in Shenzhen, China.
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day. The analogy is not only to the in-
dustrialization of agriculture but also to
the electrification of manufacturing in
the past century, Mr. McAfee argues.

“At what point does the chain saw re-
place Paul Bunyan?” asked Mike Den-
nison, an executive at Flextronics, a
manufacturer of consumer electronics
products that is based in Silicon Valley
and is increasingly automating assem-
bly work. “There’s always a price point,
and we’re very close to that point.”

But Bran Ferren, a veteran roboticist
and industrial product designer at Ap-
plied Minds in Glendale, Calif., argues
that there are still steep obstacles that
have made the dream of the universal
assembly robot elusive. “I had an early
naïveté about universal robots that
could just do anything,” he said. “You
have to have people around anyway.
And people are pretty good at figuring
out, how do I wiggle the radiator in or
slip the hose on? And these things are
still hard for robots to do.”

Beyond the technical challenges lies
resistance from unionized workers and
communities worried about jobs. The
ascension of robots may mean fewer
jobs are created in this country, even
though rising labor and transportation
costs in Asia and fears of intellectual
property theft are now bringing some
work back to the West. 

Take the cavernous solar-panel fac-
tory run by Flextronics in Milpitas,
south of San Francisco. A large banner
proudly proclaims “Bringing Jobs &
Manufacturing Back to California!”
(Right now China makes a large share
of the solar panels used in this country
and is automating its own industry.)

Yet in the state-of-the-art plant,
where the assembly line runs 24 hours a
day, seven days a week, there are robots
everywhere and few human workers.
All of the heavy lifting and almost all of
the precise work is done by robots that
string together solar cells and seal them
under glass. The human workers do
things like trimming excess material,
threading wires and screwing a handful
of fasteners into a simple frame for each
panel. 

Such advances in manufacturing are
also beginning to transform other sec-
tors that employ millions of workers
around the world. One is distribution,
where robots that zoom at the speed of
the world’s fastest sprinters can store,
retrieve and pack goods for shipment
far more efficiently than people. Robots
could soon replace workers at compa-
nies like C & S Wholesale Grocers, the
nation’s largest grocery distributor,
which has already deployed robot tech-
nology.

Rapid improvement in vision and
touch technologies is putting a wide ar-
ray of manual jobs within the abilities of
robots. For example, Boeing’s wide-
body commercial jets are now riveted
automatically by giant machines that
move rapidly and precisely over the
skin of the planes. Even with these ma-
chines, the company said it struggles to
find enough workers to make its new
787 aircraft. Rather, the machines offer
significant increases in precision and
are safer for workers. 

And at Earthbound Farms in Califor-
nia, four newly installed robot arms
with customized suction cups swiftly
place clamshell containers of organic
lettuce into shipping boxes. The robots
move far faster than the people they re-
placed. Each robot replaces two to five
workers at Earthbound, according to
John Dulchinos, an engineer who is the
chief executive at Adept Technology, a
robot maker based in Pleasanton, Calif.,
that developed Earthbound’s system. 

Robot manufacturers in the United
States say that in many applications, ro-
bots are already more cost-effective
than humans. 

At an automation trade show last
year in Chicago, Ron Potter, the director
of robotics technology at an Atlanta
consulting firm called Factory Automa-
tion Systems, offered attendees a
spreadsheet to calculate how quickly ro-
bots would pay for themselves. 

In one example, a robotic manufac-
turing system initially cost $250,000 and
replaced two machine operators, each
earning $50,000 a year. Over the 15-year
life of the system, the machines yielded
$3.5 million in labor and productivity
savings. 

The Obama administration says this
technological shift presents a historic
opportunity for the nation to stay com-
petitive. “The only way we are going to
maintain manufacturing in the U.S. is if
we have higher productivity,” said Tom
Kalil, deputy director of the White
House Office of Science and Technology
Policy. 

Government officials and industry
executives argue that even if factories
are automated, they still are a valuable
source of jobs. If the United States does
not compete for advanced manufactur-
ing in industries like consumer elec-
tronics, it could lose product engineer-
ing and design as well. Moreover, robot-
ics executives argue that even though
blue-collar jobs will be lost, more effi-
cient manufacturing will create skilled
jobs in designing, operating and servic-
ing the assembly lines, as well as signif-
icant numbers of other kinds of jobs in
the communities where factories are. 

And robot makers point out that their

industry itself creates jobs. A report
commissioned by the International Fed-
eration of Robotics last year found that
150,000 people are already employed by
robotics manufacturers worldwide in
engineering and assembly jobs. 

But American and European domi-
nance in the next generation of manu-
facturing is far from certain. 

“What I see is that the Chinese are
going to apply robots too,” said Frans
van Houten, Philips’s chief executive.
“The window of opportunity to bring
manufacturing back is before that hap-
pens.”

A Faster Assembly Line
Royal Philips Electronics began mak-

ing the first electric shavers in 1939 and
set up the factory here in Drachten in
1950. But Mr. Visser, the engineer who
manages the assembly, takes pride in
the sophistication of the latest shavers.
They sell for as much as $350 and, he
says, are more complex to make than
smartphones.

The assembly line here is made up of
dozens of glass cages housing robots
made by Adept Technology that snake
around the factory floor for more than
100 yards. Video cameras atop the cages
guide the robot arms almost unerringly
to pick up the parts they assemble. The
arms bend wires with millimetric accu-
racy, set toothpick-thin spindles in tiny
holes, grab miniature plastic gears and
set them in housings, and snap pieces of
plastic into place.

The next generation of robots for
manufacturing will be more flexible and
easier to train. 

Witness the factory of Tesla Motors,
which recently began manufacturing
the Tesla S, a luxury sedan, in Fremont,
Calif., on the edge of Silicon Valley. 

More than half of the building is shut-
tered, called “the dark side.” It still
houses a dingy, unused Toyota Corolla
assembly line on which an army of
workers once turned out half a million
cars annually. 

The Tesla assembly line is a stark
contrast, brilliantly lighted. Its fast-
moving robots, bright Tesla red, each
has a single arm with multiple joints.
Most of them are imposing, 8 to 10 feet
tall, giving them a slightly menacing
“Terminator” quality. 

But the arms seem eerily human
when they reach over to a stand and
change their “hand” to perform a differ-
ent task. While the many robots in auto
factories typically perform only one
function, in the new Tesla factory a ro-
bot might do up to four: welding, riv-
eting, bonding and installing a compo-
nent.

As many as eight robots perform a
ballet around each vehicle as it stops at
each station along the line for just five
minutes. Ultimately as many as 83 cars
a day — roughly 20,000 are planned for
the first year — will be produced at the
factory. When the company adds a sport
utility vehicle next year, it will be built
on the same assembly line, once the ro-
bots are reprogrammed. 

Tesla’s factory is tiny but represents
a significant bet on flexible robots, one
that could be a model for the industry.
And others are already thinking bigger. 

Hyundai and Beijing Motors recently
completed a mammoth factory outside
Beijing that can produce a million vehi-
cles a year using more robots and fewer
people than the big factories of their
competitors and with the same flexibil-
ity as Tesla’s, said Paul Chau, an Ameri-
can venture capitalist at WI Harper who
toured the plant in June. 

The New Warehouse
Traditional and futuristic systems

working side by side in a distribution
center north of New York City show
how robotics is transforming the way
products are distributed, threatening
jobs. From this warehouse in New-
burgh, C & S, the nation’s largest gro-

cery wholesaler, supplies a major su-
permarket chain. 

The old system sprawls across almost
half a million square feet. The shelves
are loaded and unloaded around the
clock by hundreds of people driving pal-
let jacks and forklifts. At peak times in
the evening, the warehouse is a cacoph-
ony of beeping and darting electric vehi-
cles as workers with headsets are di-
rected to cases of food by a computer
that speaks to them in four languages.

The new system is much smaller,
squeezed into only 30,000 square feet at
the far end of the warehouse and con-
trolled by just a handful of technicians.
They watch over a four-story cage with
different levels holding 168 “rover” ro-
bots the size of go-carts. Each can move
at 25 miles an hour, nearly as fast as an
Olympic sprinter.

Each rover is connected wirelessly to
a central computer and on command
will race along an aisle until it reaches
its destination — a case of food to re-
trieve or the spot to drop one off for
storage. The robot gathers a box by ex-
tending two-foot-long metal fingers
from its side and sliding them under-
neath. It lifts the box and pulls it to its
belly. Then it accelerates to the front of
the steel cage, where it turns into a wide
lane where it must contend with traffic
— eight robots are active on each level
of the structure, which is 20 aisles wide
and 21 levels high.

From the aisle, the robots wait their
turn to pull into a special open lane
where they deposit each load into an el-
evator that sends a stream of food cases
down to a conveyor belt that leads to a
large robot arm.

About 10 feet tall, the arm has the
grace and dexterity of a skilled su-
permarket bagger, twisting and turning
each case so the final stack forms an
eight-foot cube. The software is sophis-
ticated enough to determine which ro-

bot should pick up which case first, so
when the order arrives at the super-
market, workers can take the cases out
in the precise order in which they are to
go on the shelves. 

When the arm is finished, the cube of
goods is conveyed to a machine that
wraps it in clear plastic to hold it in
place. Then a forklift operator sum-
moned by the computer moves the cube
to a truck for shipment.

Built by Symbotic, a start-up compa-
ny based in the Boston area, this robotic
warehouse is inspired by computer de-
signers who created software algo-
rithms to efficiently organize data to be
stored on a computer’s hard drive.

Jim Baum, Symbotic’s chief execu-
tive, compares the new system to a
huge parallel computer. The design is
efficient because there is no single
choke point; the cases of food moving
through the robotic warehouse are like
the digital bits being processed by the
computer.

Humans’ Changing Role
In the decade since he began working

as a warehouseman in Tolleson, Ariz., a
suburb of Phoenix, Josh Graves has
seen how automation systems can
make work easier but also create new
stress and insecurity. The giant facility
where he works distributes dry goods
for Kroger supermarkets. 

Mr. Graves, 29, went to work in the
warehouse, where his father worked for
three decades, right out of high school.
The demanding job required lifting
heavy boxes and the hours were long.
“They would bring in 15 guys, and only
one would last,” he said.

Today Mr. Graves drives a small fork-
lift-like machine that stores and re-
trieves cases of all sizes. Because such
workers are doing less physical labor,
there are fewer injuries, said Rome

Aloise, a Teamsters vice president in
Northern California. Because a comput-
er sets the pace, the stress is now more
psychological. 

Mr. Graves wears headsets and is in-
structed by a computerized voice on
where to go in the warehouse to gather
or store products. A centralized comput-
er the workers call The Brain dictates
their speed. Managers know exactly
what the workers do, to the precise
minute.

Several years ago, Mr. Graves’s ware-
house installed a German system that
automatically stores and retrieves
cases of food. That led to the elimination
of 106 jobs, roughly 20 percent of the
work force. The new system was initial-
ly maintained by union workers with
high seniority. Then that job went to the
German company, which hired non-
union workers.

Now Kroger plans to build a highly
automated warehouse in Tolleson. Sixty
union workers went before the City
Council last year to oppose the plan, on
which the city has not yet ruled.

“We don’t have a problem with the
machines coming,” Mr. Graves told city
officials. “But tell Kroger we don’t want
to lose these jobs in our city.”

Some jobs are still beyond the reach
of automation: construction jobs that
require workers to move in unpredict-
able settings and perform different
tasks that are not repetitive; assembly
work that requires tactile feedback like
placing fiberglass panels inside air-
planes, boats or cars; and assembly
jobs where only a limited quantity of
products are made or where there are
many versions of each product, requir-
ing expensive reprogramming of ro-
bots. 

But that list is growing shorter.

Upgrading Distribution
Inside a spartan garage in an indus-

trial neighborhood in Palo Alto, Calif., a
robot armed with electronic “eyes” and
a small scoop and suction cups repeat-
edly picks up boxes and drops them
onto a conveyor belt. 

It is doing what low-wage workers do
every day around the world.

Older robots cannot do such work be-
cause computer vision systems were
costly and limited to carefully con-
trolled environments where the lighting
was just right. But thanks to an inex-
pensive stereo camera and software
that lets the system see shapes with the
same ease as humans, this robot can
quickly discern the irregular dimen-
sions of randomly placed objects. 

The robot uses a technology pio-
neered in Microsoft’s Kinect motion
sensing system for its Xbox video game
system.

Such robots will put automation with-
in range of companies like Federal Ex-
press and United Parcel Service that
now employ tens of thousands of work-
ers doing such tasks.

The start-up behind the robot, Indus-
trial Perception Inc., is the first spinoff
of Willow Garage, an ambitious robotics
research firm based in Menlo Park,
Calif. The first customer is likely to be a
company that now employs thousands
of workers to load and unload its trucks.
The workers can move one box every
six seconds on average. But each box
can weigh more than 130 pounds, so the
workers tire easily and sometimes hurt
their backs.

Industrial Perception will win its con-
tract if its machine can reliably move
one box every four seconds. The engi-
neers are confident that the robot will
soon do much better than that, picking
up and setting down one box per sec-
ond.

“We’re on the cusp of completely
changing manufacturing and distribu-
tion,” said Gary Bradski, a machine-
vision scientist who is a founder of In-
dustrial Perception. “I think it’s not as
singular an event, but it will ultimately
have as big an impact as the Internet.”

At More Factories, Skilled Work Without the Workers

PAUL SAKUMA/ASSOCIATED PRESS

Robots at the Tesla Motors factory in Fremont, Calif., recently began manufacturing a new luxury sedan. While the many robots in auto factories
typically perform only one function, in the new Tesla factory a robot might do up to four: welding, riveting, bonding and installing a component.
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Robot arms like those at a Philips Electronics factory in the Nether-
lands, top, can perform the same tasks as hundreds of low-skill
workers in factories like the Foxconn plant in Shenzhen, China.
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under glass. The human workers do things like 
trimming excess material, threading wires and 
screwing a handful of fasteners into a simple 
frame for each panel.

Such advances in manufacturing are also 
beginning to transform other sectors that em-
ploy millions of workers around the world. 
One is distribution, where robots that zoom at 
the speed of the world’s fastest sprinters can 
store, retrieve and pack goods for shipment 
far more efficiently than people. Robots could 
soon replace workers at companies like C & S 
Wholesale Grocers, the nation’s largest grocery 
distributor, which has already deployed robot 
technology.

Rapid improvement in vision and touch 
technologies is putting a wide array of manual 
jobs within the abilities of robots. For example, 
Boeing’s wide-body commercial jets are now 
riveted automatically by giant machines that 
move rapidly and precisely over the skin of the 
planes. Even with these machines, the company 
said it struggles to find enough workers to make 
its new 787 aircraft. Rather, the machines offer 
significant increases in precision and are safer 
for workers.

And at Earthbound Farms in California, 
four newly installed robot arms with custom-
ized suction cups swiftly place clamshell con-
tainers of organic lettuce into shipping boxes. 
The robots move far faster than the people they 
replaced. Each robot replaces two to five work-
ers at Earthbound, according to John Dulchinos, 
an engineer who is the chief executive at Adept 
Technology, a robot maker based in Pleasanton, 
Calif., that developed Earthbound’s system.

Robot manufacturers in the United States 
say that in many applications, robots are al-
ready more cost-effective than humans.

At an automation trade show last year in 
Chicago, Ron Potter, the director of robotics 
technology at an Atlanta consulting firm called 
Factory Automation Systems, offered attendees 
a spreadsheet to calculate how quickly robots 
would pay for themselves.

In one example, a robotic manufacturing 
system initially cost $250,000 and replaced two 
machine operators, each earning $50,000 a year. 
Over the 15-year life of the system, the machines 
yielded $3.5 million in labor and productivity 
savings.

The Obama administration says this tech-

nological shift presents a historic opportunity 
for the nation to stay competitive. “The only 
way we are going to maintain manufacturing in 
the U.S. is if we have higher productivity,” said 
Tom Kalil, deputy director of the White House 
Office of Science and Technology Policy.

Government officials and industry execu-
tives argue that even if factories are automated, 
they still are a valuable source of jobs. If the 
United States does not compete for advanced 
manufacturing in industries like consumer elec-
tronics, it could lose product engineering and 
design as well. Moreover, robotics executives 
argue that even though blue-collar jobs will be 
lost, more efficient manufacturing will create 
skilled jobs in designing, operating and servic-
ing the assembly lines, as well as significant 
numbers of other kinds of jobs in the communi-
ties where factories are.

And robot makers point out that their indus-
try itself creates jobs. A report commissioned 
by the International Federation of Robotics last 
year found that 150,000 people are already em-
ployed by robotics manufacturers worldwide in 
engineering and assembly jobs.

But American and European dominance 
in the next generation of manufacturing is far 
from certain.

“What I see is that the Chinese are going to 
apply robots too,” said Frans van Houten, Phil-
ips’s chief executive. “The window of opportu-
nity to bring manufacturing back is before that 
happens.”

A Faster Assembly Line
Royal Philips Electronics began making the 

first electric shavers in 1939 and set up the fac-
tory here in Drachten in 1950. But Mr. Visser, 
the engineer who manages the assembly, takes 
pride in the sophistication of the latest shavers. 
They sell for as much as $350 and, he says, are 
more complex to make than smartphones.

The assembly line here is made up of doz-
ens of glass cages housing robots made by Adept 
Technology that snake around the factory floor 
for more than 100 yards. Video cameras atop the 
cages guide the robot arms almost unerringly to 
pick up the parts they assemble. The arms bend 
wires with millimetric accuracy, set toothpick-
thin spindles in tiny holes, grab miniature plastic 
gears and set them in housings, and snap pieces 
of plastic into place.



The next generation of robots for manufac-
turing will be more flexible and easier to train.

Witness the factory of Tesla Motors, which 
recently began manufacturing the Tesla S, a 
luxury sedan, in Fremont, Calif., on the edge of 
Silicon Valley.

More than half of the building is shuttered, 
called “the dark side.” It still houses a dingy, un-
used Toyota Corolla assembly line on which an 
army of workers once turned out half a million 
cars annually.

The Tesla assembly line is a stark contrast, 
brilliantly lighted. Its fast-moving robots, bright 

Tesla red, each has a single arm with multiple 
joints. Most of them are imposing, 8 to 10 feet 
tall, giving them a slightly menacing “Termina-
tor” quality.

But the arms seem eerily human when they 
reach over to a stand and change their “hand” 
to perform a different task. While the many ro-
bots in auto factories typically perform only one 
function, in the new Tesla factory a robot might 
do up to four: welding, riveting, bonding and in-
stalling a component.

As many as eight robots perform a ballet 
around each vehicle as it stops at each station 
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day. The analogy is not only to the in-
dustrialization of agriculture but also to
the electrification of manufacturing in
the past century, Mr. McAfee argues.

“At what point does the chain saw re-
place Paul Bunyan?” asked Mike Den-
nison, an executive at Flextronics, a
manufacturer of consumer electronics
products that is based in Silicon Valley
and is increasingly automating assem-
bly work. “There’s always a price point,
and we’re very close to that point.”

But Bran Ferren, a veteran roboticist
and industrial product designer at Ap-
plied Minds in Glendale, Calif., argues
that there are still steep obstacles that
have made the dream of the universal
assembly robot elusive. “I had an early
naïveté about universal robots that
could just do anything,” he said. “You
have to have people around anyway.
And people are pretty good at figuring
out, how do I wiggle the radiator in or
slip the hose on? And these things are
still hard for robots to do.”

Beyond the technical challenges lies
resistance from unionized workers and
communities worried about jobs. The
ascension of robots may mean fewer
jobs are created in this country, even
though rising labor and transportation
costs in Asia and fears of intellectual
property theft are now bringing some
work back to the West. 

Take the cavernous solar-panel fac-
tory run by Flextronics in Milpitas,
south of San Francisco. A large banner
proudly proclaims “Bringing Jobs &
Manufacturing Back to California!”
(Right now China makes a large share
of the solar panels used in this country
and is automating its own industry.)

Yet in the state-of-the-art plant,
where the assembly line runs 24 hours a
day, seven days a week, there are robots
everywhere and few human workers.
All of the heavy lifting and almost all of
the precise work is done by robots that
string together solar cells and seal them
under glass. The human workers do
things like trimming excess material,
threading wires and screwing a handful
of fasteners into a simple frame for each
panel. 

Such advances in manufacturing are
also beginning to transform other sec-
tors that employ millions of workers
around the world. One is distribution,
where robots that zoom at the speed of
the world’s fastest sprinters can store,
retrieve and pack goods for shipment
far more efficiently than people. Robots
could soon replace workers at compa-
nies like C & S Wholesale Grocers, the
nation’s largest grocery distributor,
which has already deployed robot tech-
nology.

Rapid improvement in vision and
touch technologies is putting a wide ar-
ray of manual jobs within the abilities of
robots. For example, Boeing’s wide-
body commercial jets are now riveted
automatically by giant machines that
move rapidly and precisely over the
skin of the planes. Even with these ma-
chines, the company said it struggles to
find enough workers to make its new
787 aircraft. Rather, the machines offer
significant increases in precision and
are safer for workers. 

And at Earthbound Farms in Califor-
nia, four newly installed robot arms
with customized suction cups swiftly
place clamshell containers of organic
lettuce into shipping boxes. The robots
move far faster than the people they re-
placed. Each robot replaces two to five
workers at Earthbound, according to
John Dulchinos, an engineer who is the
chief executive at Adept Technology, a
robot maker based in Pleasanton, Calif.,
that developed Earthbound’s system. 

Robot manufacturers in the United
States say that in many applications, ro-
bots are already more cost-effective
than humans. 

At an automation trade show last
year in Chicago, Ron Potter, the director
of robotics technology at an Atlanta
consulting firm called Factory Automa-
tion Systems, offered attendees a
spreadsheet to calculate how quickly ro-
bots would pay for themselves. 

In one example, a robotic manufac-
turing system initially cost $250,000 and
replaced two machine operators, each
earning $50,000 a year. Over the 15-year
life of the system, the machines yielded
$3.5 million in labor and productivity
savings. 

The Obama administration says this
technological shift presents a historic
opportunity for the nation to stay com-
petitive. “The only way we are going to
maintain manufacturing in the U.S. is if
we have higher productivity,” said Tom
Kalil, deputy director of the White
House Office of Science and Technology
Policy. 

Government officials and industry
executives argue that even if factories
are automated, they still are a valuable
source of jobs. If the United States does
not compete for advanced manufactur-
ing in industries like consumer elec-
tronics, it could lose product engineer-
ing and design as well. Moreover, robot-
ics executives argue that even though
blue-collar jobs will be lost, more effi-
cient manufacturing will create skilled
jobs in designing, operating and servic-
ing the assembly lines, as well as signif-
icant numbers of other kinds of jobs in
the communities where factories are. 

And robot makers point out that their

industry itself creates jobs. A report
commissioned by the International Fed-
eration of Robotics last year found that
150,000 people are already employed by
robotics manufacturers worldwide in
engineering and assembly jobs. 

But American and European domi-
nance in the next generation of manu-
facturing is far from certain. 

“What I see is that the Chinese are
going to apply robots too,” said Frans
van Houten, Philips’s chief executive.
“The window of opportunity to bring
manufacturing back is before that hap-
pens.”

A Faster Assembly Line
Royal Philips Electronics began mak-

ing the first electric shavers in 1939 and
set up the factory here in Drachten in
1950. But Mr. Visser, the engineer who
manages the assembly, takes pride in
the sophistication of the latest shavers.
They sell for as much as $350 and, he
says, are more complex to make than
smartphones.

The assembly line here is made up of
dozens of glass cages housing robots
made by Adept Technology that snake
around the factory floor for more than
100 yards. Video cameras atop the cages
guide the robot arms almost unerringly
to pick up the parts they assemble. The
arms bend wires with millimetric accu-
racy, set toothpick-thin spindles in tiny
holes, grab miniature plastic gears and
set them in housings, and snap pieces of
plastic into place.

The next generation of robots for
manufacturing will be more flexible and
easier to train. 

Witness the factory of Tesla Motors,
which recently began manufacturing
the Tesla S, a luxury sedan, in Fremont,
Calif., on the edge of Silicon Valley. 

More than half of the building is shut-
tered, called “the dark side.” It still
houses a dingy, unused Toyota Corolla
assembly line on which an army of
workers once turned out half a million
cars annually. 

The Tesla assembly line is a stark
contrast, brilliantly lighted. Its fast-
moving robots, bright Tesla red, each
has a single arm with multiple joints.
Most of them are imposing, 8 to 10 feet
tall, giving them a slightly menacing
“Terminator” quality. 

But the arms seem eerily human
when they reach over to a stand and
change their “hand” to perform a differ-
ent task. While the many robots in auto
factories typically perform only one
function, in the new Tesla factory a ro-
bot might do up to four: welding, riv-
eting, bonding and installing a compo-
nent.

As many as eight robots perform a
ballet around each vehicle as it stops at
each station along the line for just five
minutes. Ultimately as many as 83 cars
a day — roughly 20,000 are planned for
the first year — will be produced at the
factory. When the company adds a sport
utility vehicle next year, it will be built
on the same assembly line, once the ro-
bots are reprogrammed. 

Tesla’s factory is tiny but represents
a significant bet on flexible robots, one
that could be a model for the industry.
And others are already thinking bigger. 

Hyundai and Beijing Motors recently
completed a mammoth factory outside
Beijing that can produce a million vehi-
cles a year using more robots and fewer
people than the big factories of their
competitors and with the same flexibil-
ity as Tesla’s, said Paul Chau, an Ameri-
can venture capitalist at WI Harper who
toured the plant in June. 

The New Warehouse
Traditional and futuristic systems

working side by side in a distribution
center north of New York City show
how robotics is transforming the way
products are distributed, threatening
jobs. From this warehouse in New-
burgh, C & S, the nation’s largest gro-

cery wholesaler, supplies a major su-
permarket chain. 

The old system sprawls across almost
half a million square feet. The shelves
are loaded and unloaded around the
clock by hundreds of people driving pal-
let jacks and forklifts. At peak times in
the evening, the warehouse is a cacoph-
ony of beeping and darting electric vehi-
cles as workers with headsets are di-
rected to cases of food by a computer
that speaks to them in four languages.

The new system is much smaller,
squeezed into only 30,000 square feet at
the far end of the warehouse and con-
trolled by just a handful of technicians.
They watch over a four-story cage with
different levels holding 168 “rover” ro-
bots the size of go-carts. Each can move
at 25 miles an hour, nearly as fast as an
Olympic sprinter.

Each rover is connected wirelessly to
a central computer and on command
will race along an aisle until it reaches
its destination — a case of food to re-
trieve or the spot to drop one off for
storage. The robot gathers a box by ex-
tending two-foot-long metal fingers
from its side and sliding them under-
neath. It lifts the box and pulls it to its
belly. Then it accelerates to the front of
the steel cage, where it turns into a wide
lane where it must contend with traffic
— eight robots are active on each level
of the structure, which is 20 aisles wide
and 21 levels high.

From the aisle, the robots wait their
turn to pull into a special open lane
where they deposit each load into an el-
evator that sends a stream of food cases
down to a conveyor belt that leads to a
large robot arm.

About 10 feet tall, the arm has the
grace and dexterity of a skilled su-
permarket bagger, twisting and turning
each case so the final stack forms an
eight-foot cube. The software is sophis-
ticated enough to determine which ro-

bot should pick up which case first, so
when the order arrives at the super-
market, workers can take the cases out
in the precise order in which they are to
go on the shelves. 

When the arm is finished, the cube of
goods is conveyed to a machine that
wraps it in clear plastic to hold it in
place. Then a forklift operator sum-
moned by the computer moves the cube
to a truck for shipment.

Built by Symbotic, a start-up compa-
ny based in the Boston area, this robotic
warehouse is inspired by computer de-
signers who created software algo-
rithms to efficiently organize data to be
stored on a computer’s hard drive.

Jim Baum, Symbotic’s chief execu-
tive, compares the new system to a
huge parallel computer. The design is
efficient because there is no single
choke point; the cases of food moving
through the robotic warehouse are like
the digital bits being processed by the
computer.

Humans’ Changing Role
In the decade since he began working

as a warehouseman in Tolleson, Ariz., a
suburb of Phoenix, Josh Graves has
seen how automation systems can
make work easier but also create new
stress and insecurity. The giant facility
where he works distributes dry goods
for Kroger supermarkets. 

Mr. Graves, 29, went to work in the
warehouse, where his father worked for
three decades, right out of high school.
The demanding job required lifting
heavy boxes and the hours were long.
“They would bring in 15 guys, and only
one would last,” he said.

Today Mr. Graves drives a small fork-
lift-like machine that stores and re-
trieves cases of all sizes. Because such
workers are doing less physical labor,
there are fewer injuries, said Rome

Aloise, a Teamsters vice president in
Northern California. Because a comput-
er sets the pace, the stress is now more
psychological. 

Mr. Graves wears headsets and is in-
structed by a computerized voice on
where to go in the warehouse to gather
or store products. A centralized comput-
er the workers call The Brain dictates
their speed. Managers know exactly
what the workers do, to the precise
minute.

Several years ago, Mr. Graves’s ware-
house installed a German system that
automatically stores and retrieves
cases of food. That led to the elimination
of 106 jobs, roughly 20 percent of the
work force. The new system was initial-
ly maintained by union workers with
high seniority. Then that job went to the
German company, which hired non-
union workers.

Now Kroger plans to build a highly
automated warehouse in Tolleson. Sixty
union workers went before the City
Council last year to oppose the plan, on
which the city has not yet ruled.

“We don’t have a problem with the
machines coming,” Mr. Graves told city
officials. “But tell Kroger we don’t want
to lose these jobs in our city.”

Some jobs are still beyond the reach
of automation: construction jobs that
require workers to move in unpredict-
able settings and perform different
tasks that are not repetitive; assembly
work that requires tactile feedback like
placing fiberglass panels inside air-
planes, boats or cars; and assembly
jobs where only a limited quantity of
products are made or where there are
many versions of each product, requir-
ing expensive reprogramming of ro-
bots. 

But that list is growing shorter.

Upgrading Distribution
Inside a spartan garage in an indus-

trial neighborhood in Palo Alto, Calif., a
robot armed with electronic “eyes” and
a small scoop and suction cups repeat-
edly picks up boxes and drops them
onto a conveyor belt. 

It is doing what low-wage workers do
every day around the world.

Older robots cannot do such work be-
cause computer vision systems were
costly and limited to carefully con-
trolled environments where the lighting
was just right. But thanks to an inex-
pensive stereo camera and software
that lets the system see shapes with the
same ease as humans, this robot can
quickly discern the irregular dimen-
sions of randomly placed objects. 

The robot uses a technology pio-
neered in Microsoft’s Kinect motion
sensing system for its Xbox video game
system.

Such robots will put automation with-
in range of companies like Federal Ex-
press and United Parcel Service that
now employ tens of thousands of work-
ers doing such tasks.

The start-up behind the robot, Indus-
trial Perception Inc., is the first spinoff
of Willow Garage, an ambitious robotics
research firm based in Menlo Park,
Calif. The first customer is likely to be a
company that now employs thousands
of workers to load and unload its trucks.
The workers can move one box every
six seconds on average. But each box
can weigh more than 130 pounds, so the
workers tire easily and sometimes hurt
their backs.

Industrial Perception will win its con-
tract if its machine can reliably move
one box every four seconds. The engi-
neers are confident that the robot will
soon do much better than that, picking
up and setting down one box per sec-
ond.

“We’re on the cusp of completely
changing manufacturing and distribu-
tion,” said Gary Bradski, a machine-
vision scientist who is a founder of In-
dustrial Perception. “I think it’s not as
singular an event, but it will ultimately
have as big an impact as the Internet.”

At More Factories, Skilled Work Without the Workers

PAUL SAKUMA/ASSOCIATED PRESS

Robots at the Tesla Motors factory in Fremont, Calif., recently began manufacturing a new luxury sedan. While the many robots in auto factories
typically perform only one function, in the new Tesla factory a robot might do up to four: welding, riveting, bonding and installing a component.

YM YIK/EUROPEAN PRESSPHOTO AGENCY

Robot arms like those at a Philips Electronics factory in the Nether-
lands, top, can perform the same tasks as hundreds of low-skill
workers in factories like the Foxconn plant in Shenzhen, China.
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along the line for just five minutes. Ultimately 
as many as 83 cars a day — roughly 20,000 are 
planned for the first year — will be produced 
at the factory. When the company adds a sport 
utility vehicle next year, it will be built on the 
same assembly line, once the robots are repro-
grammed.

Tesla’s factory is tiny but represents a sig-
nificant bet on flexible robots, one that could be 
a model for the industry. And others are already 
thinking bigger.

Hyundai and Beijing Motors recently com-
pleted a mammoth factory outside Beijing that 
can produce a million vehicles a year using more 
robots and fewer people than the big factories of 
their competitors and with the same flexibility 
as Tesla’s, said Paul Chau, an American venture 
capitalist at WI Harper who toured the plant in 
June.

The New Warehouse
Traditional and futuristic systems working 

side by side in a distribution center north of 
New York City show how robotics is transform-
ing the way products are distributed, threaten-
ing jobs. From this warehouse in Newburgh, 
C & S, the nation’s largest grocery wholesaler, 
supplies a major supermarket chain.

The old system sprawls across almost half 
a million square feet. The shelves are loaded 
and unloaded around the clock by hundreds 
of people driving pallet jacks and forklifts. At 
peak times in the evening, the warehouse is a 
cacophony of beeping and darting electric ve-
hicles as workers with headsets are directed 
to cases of food by a computer that speaks to 
them in four languages.

The new system is much smaller, squeezed 
into only 30,000 square feet at the far end of the 
warehouse and controlled by just a handful of 
technicians. They watch over a four-story cage 
with different levels holding 168 “rover” robots 
the size of go-carts. Each can move at 25 miles 
an hour, nearly as fast as an Olympic sprinter.

Each rover is connected wirelessly to a 
central computer and on command will race 
along an aisle until it reaches its destination — 
a case of food to retrieve or the spot to drop 
one off for storage. The robot gathers a box by 
extending two-foot-long metal fingers from its 
side and sliding them underneath. It lifts the 
box and pulls it to its belly. Then it accelerates 

to the front of the steel cage, where it turns into 
a wide lane where it must contend with traffic 
— eight robots are active on each level of the 
structure, which is 20 aisles wide and 21 levels 
high.

From the aisle, the robots wait their turn to 
pull into a special open lane where they deposit 
each load into an elevator that sends a stream 
of food cases down to a conveyor belt that leads 
to a large robot arm.

About 10 feet tall, the arm has the grace 
and dexterity of a skilled supermarket bagger, 
twisting and turning each case so the final stack 
forms an eight-foot cube. The software is sophis-
ticated enough to determine which robot should 
pick up which case first, so when the order ar-
rives at the supermarket, workers can take the 
cases out in the precise order in which they are 
to go on the shelves.

When the arm is finished, the cube of goods 
is conveyed to a machine that wraps it in clear 
plastic to hold it in place. Then a forklift opera-
tor summoned by the computer moves the cube 
to a truck for shipment.

Built by Symbotic, a start-up company 
based in the Boston area, this robotic ware-
house is inspired by computer designers who 
created software algorithms to efficiently or-
ganize data to be stored on a computer’s hard 
drive.

Jim Baum, Symbotic’s chief executive, 
compares the new system to a huge parallel 
computer. The design is efficient because there 
is no single choke point; the cases of food mov-
ing through the robotic warehouse are like the 
digital bits being processed by the computer.

Humans’ Changing Role
In the decade since he began working as a 

warehouseman in Tolleson, Ariz., a suburb of 
Phoenix, Josh Graves has seen how automa-
tion systems can make work easier but also 
create new stress and insecurity. The giant fa-
cility where he works distributes dry goods for 
Kroger supermarkets.

Mr. Graves, 29, went to work in the ware-
house, where his father worked for three de-
cades, right out of high school. The demanding 
job required lifting heavy boxes and the hours 
were long. “They would bring in 15 guys, and 
only one would last,” he said.

Today Mr. Graves drives a small forklift-



like machine that stores and retrieves cases of 
all sizes. Because such workers are doing less 
physical labor, there are fewer injuries, said 
Rome Aloise, a Teamsters vice president in 
Northern California. Because a computer sets 
the pace, the stress is now more psychological.

Mr. Graves wears headsets and is instruct-
ed by a computerized voice on where to go in the 
warehouse to gather or store products. A cen-
tralized computer the workers call The Brain 
dictates their speed. Managers know exactly 
what the workers do, to the precise minute.

Several years ago, Mr. Graves’s warehouse 
installed a German system that automatically 
stores and retrieves cases of food. That led to 
the elimination of 106 jobs, roughly 20 percent 
of the work force. The new system was initially 
maintained by union workers with high senior-
ity. Then that job went to the German company, 
which hired nonunion workers.

Now Kroger plans to build a highly automat-
ed warehouse in Tolleson. Sixty union workers 
went before the City Council last year to oppose 
the plan, on which the city has not yet ruled.

“We don’t have a problem with the ma-
chines coming,” Mr. Graves told city officials. 
“But tell Kroger we don’t want to lose these jobs 
in our city.”

Some jobs are still beyond the reach of auto-
mation: construction jobs that require workers 
to move in unpredictable settings and perform 
different tasks that are not repetitive; assembly 
work that requires tactile feedback like plac-
ing fiberglass panels inside airplanes, boats or 
cars; and assembly jobs where only a limited 
quantity of products are made or where there 
are many versions of each product, requiring 
expensive reprogramming of robots.

But that list is growing shorter.

Upgrading Distribution
Inside a spartan garage in an industrial 

neighborhood in Palo Alto, Calif., a robot armed 

with electronic “eyes” and a small scoop and 
suction cups repeatedly picks up boxes and 
drops them onto a conveyor belt.

It is doing what low-wage workers do ev-
ery day around the world.

Older robots cannot do such work because 
computer vision systems were costly and 
limited to carefully controlled environments 
where the lighting was just right. But thanks 
to an inexpensive stereo camera and software 
that lets the system see shapes with the same 
ease as humans, this robot can quickly discern 
the irregular dimensions of randomly placed 
objects.

The robot uses a technology pioneered in 
Microsoft’s Kinect motion sensing system for 
its Xbox video game system.

Such robots will put automation within 
range of companies like Federal Express and 
United Parcel Service that now employ tens of 
thousands of workers doing such tasks.

The start-up behind the robot, Industrial 
Perception Inc., is the first spinoff of Willow 
Garage, an ambitious robotics research firm 
based in Menlo Park, Calif. The first customer is 
likely to be a company that now employs thou-
sands of workers to load and unload its trucks. 
The workers can move one box every six sec-
onds on average. But each box can weigh more 
than 130 pounds, so the workers tire easily and 
sometimes hurt their backs.

Industrial Perception will win its contract 
if its machine can reliably move one box every 
four seconds. The engineers are confident that 
the robot will soon do much better than that, 
picking up and setting down one box per sec-
ond.

“We’re on the cusp of completely chang-
ing manufacturing and distribution,” said Gary 
Bradski, a machine-vision scientist who is a 
founder of Industrial Perception. “I think it’s 
not as singular an event, but it will ultimately 
have as big an impact as the Internet.” n




