
Cover Story

Palo Alto Weekly • Wednesday, October 24, 2007 • Page 17

I
t could be a scene straight out 
of the Jetsons: a car that is pro-
grammed to pick up the kids 

from soccer practice. No more 
mom and dad as chauffeurs. 

Such a science-fiction scenario 
is not that far-fetched.

On Oct. 26, robotic vehicles, 
including one from Stanford Uni-
versity and another developed by 
a German team and led by a Palo 
Alto woman, will drive 60 miles 
of roads at the former George Air 
Force Base in Victorville, Calif. 
— without drivers.

Following the qualifying event, 
20 of the competitors will move on 
to the final DARPA Urban Grand 
Challenge on Nov. 3, also in Vic-

torville. The robotic vehicles will 
compete for $3.5 million in cash 
prizes.

In 2001, Congress mandated 
that by 2015, one-third of com-
bat-ground vehicles should be 
unmanned. To develop new tech-
nologies for military applications, 
the Defense Advanced Research 
Projects Agency (DARPA) of the 
U.S. Department of Defense spon-
sors the robot-car competition. 

The Stanford Racing Team won 
$2 million in the 2005 DARPA 
Desert Challenge with their Volk-
swagen Touareg named “Stan-
ley.”

In a little more than one week, 
Stanford hopes to take the top 

prize again — this time, in an ur-
ban challenge, where the robots 
must navigate stop signs, intersec-
tions, parking spaces and other 
robotic cars.

Stanley is in the Smithsonian 
Institution now. “Junior” — the 
son of Stanley and named for Le-
land Stanford Jr. — will take the 
road to Victorville.

A 2006 German-import VW 
Passat, Junior is an ideal car, the 
researchers said. It has a drive-by-
wire control system, which makes 
it responsive to electrical signals 
and inexpensive to modify, ac-
cording to team spokesman David 
Orenstein.

‘ Look Ma, 
no hands!’

At top, AnnieWAY technical team leader Soeren Kammel holds his 
hands away from the steering wheel of the robotic car as it drives a test 
route in a Shoreline Boulevard parking lot. Above, Mike Motemerlo, 
senior research engineer at Stanford University’s artificial intelligence 
laboratory, enters Junior, a test car that is helping the Stanford team 
prepare for the DARPA Urban Challenge Nov. 3. (continued on next page)

Stanford bids for second win in 
robotic-car DARPA Challenge
Story by Sue Dremann. Photographs by Marjan Sadoughi.
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In the final days before heading to 
Victorville for the qualifier, Junior’s 
testing team was in a parking lot ad-
jacent to Shoreline Amphitheater in 
Mountain View, working intensively 
to fine-tune their hopefully prize-
winning system.

A look inside the trunk space of the 
cobalt-blue station wagon reveals two 
racks of computers with two quad-
core servers, GPS navigation, radar 
systems and an emergency-control 
system in the event the computer mal-
functions. 

Laser and radar sensors mounted on 
the front hood and rear fenders allow 
the robot to sense distance and the 
position of trees, curbs and other ob-
stacles. A radar laser mounted on the 
roof, spinning 10 times per second, 
develops three-dimensional images 
of Junior’s surroundings by using 64 
individual lasers. 

The car also has a small diesel en-
gine and can travel many miles on 
one tank of gas. There is no fill-up 

station on the course.
Mike Montemerlo, a senior research 

engineer at Stanford University’s Ar-
tificial Intelligence lab, heads Junior’s 
testing team. He also took part in the 
2005 Desert Challenge, where brains 
beat brawn. Stanford’s sturdy Touareg 
looked wimpy compared to the two 
monster all-terrain vehicles brought 
in by the competition’s big gun, Car-
negie Mellon University, the heavy 
favorite to win. But Stanley pulled an 
upset, successfully completing a 132-
mile desert-terrain course in just 6 
hours, 53 minutes and 58 seconds. 

The prize money established a per-
manent fellowship at Stanford — the 
Stanley Scholar — and money for re-
search, Montemerlo said.

“We concentrate on the software. 
We think the DARPA Challenge is a 
software competition,” Montemerlo 
said.

Pointing to the spinning laser on Ju-
nior’s roof, he noted that it refreshes 
the robot’s model of the world and 
makes a new driving decision 10 
times per second.

Junior’s 360-degree view of the 

world is captured on a laptop screen 
situated inside the car. The scans 
look like record grooves or lines on 
an elevation map, with people, trees, 
pieces of concrete or other moving 
and stationary objects all captured in 
the imagery. The computers also cre-
ate “hot” and “cold” areas on other 
maps, showing the car where it can 
and cannot go.

Montemerlo downloaded a program 
containing the route Junior would 
take. The car would start at the far 
end of the parking lot and drive north 
to a virtual intersection. It would en-
counter stop signs and make U-turns, 

drive alongside another vehicle, move 
around it, then park in a parking lane, 
back out and drive to a final drop-off 
point near the curb. The computer 
screen showed a map of the route and 
tracked the car’s movements — where 
it would go, and where it would be 
in real time. If there were double yel-
low lines on the map, Junior acted as 
if those lines are there, Montemerlo 
said.

Dirk Langer, a researcher with 
Volkswagen America Electronics 
Research Lab, which supports Stan-
ford’s team and offers some techni-
cal assistance, sat in the driver’s seat. 
Dirk Haehnel, a software engineer at 
Stanford who is responsible for per-
ception development, sat in the front 
passenger seat, monitoring Junior’s 
every move.

Langer flicked a panel of switch-
es, turning the steering, brakes and 
power systems over to Junior. Then, 
he sat back, hands resting in his lap. 
The high-tech lasers twirled like pin-
wheels. The steering wheel jerked and 
spun, as if controlled by a poltergeist. 
Junior moved forward, making un-

gainly movements like a teenage driv-
er practicing for a driver’s license.

“He’s not very smooth, but we hope 
he is reasonably safe,” Langer said.

Junior reached an intersection and 
braked. Perceiving the path free of 
other vehicles, the robot negotiated 
a traffic circle and changed lanes. It 
made a left at an intersection, turning 
on the directional, then made a right 
and pulled into a parking spot. Junior 
backed up, drove around a parked 
Touareg. 

“He understands he can’t go through 
the parking spot,” Montemerlo said.

Montemerlo tracked every move 
and he has done this so many times 
he knows them by heart.

“He’s actually using the turn sig-
nals. Now he stops at the stop sign and 
waits for oncoming traffic. He does a 
lane change in order to make the right 
turn through the cones and then a left 
turn to the finish line,” he said.

Junior had just completed a simu-
lated mission. Next, the team put the 
robot through a series of simulated 
bad-road conditions. By its second 
trial run, Junior’s car-sickness-pro-

voking movements had been resolved, 
and an errant directional, signaling 
right when the car was turning left, 
had been properly synchronized.

All of these details must be scru-
pulously refined before race day. The 
teams do not know what the DARPA 
Challenge course will look like. Only 
minutes before the race, they will 
download the course the robots are 
expected to follow.

“It’s a hard challenge compared to 
the previous race. There are so many 
unknown facts,” Langer said. But he 
added the team is confident they have 
a good chance of winning.

T
welve days before the chal-
lenge on a Sunday afternoon, 
the Stanford team was testing 

Junior and Junior 2. The second car 
is a twin of the first, but emblazoned 
with decals of the team’s sponsors: 
Applanix, Google, Intel, Mohr Davi-
dow Ventures, NXP, Red Bull, Stan-
ford Engineering and Volkswagen. 
The twin is the actual car that will 
run in the competition, but Junior is 
the one put through the paces. 

A silver Passat entered the adjacent 
parking lot, separated from Junior by 
a grassy knoll. Heads turned.

The AnnieWAY had arrived.
Headed up by Palo Altan Annie 

Lien, the team is a spin-off of the 
German Research Foundation’s Col-
laborative Research Center on Cog-
nitive Automobiles. Four German re-
search institutions are involved in the 
project: The University of Karlsruhe, 
the Technical University of Munich, 
the Fraunhofer Gesellschaft and the 
University of Bundeswehr Munich.

Lien isn’t sure why the car is named 
after her, but she is the only woman 
on the team. The guys named it, she 
said, and they smiled. Lien worked at 
the Robert Bosch Research and Tech-
nology Center in Palo Alto as a user-
interaction specialist until recently 
and is about to begin a job at Volk-
swagen as user-experience researcher, 
where her interest is in human/com-
puter interfaces.

The team has no sponsors. All the 
funding comes from the Collabora-
tive Research Center, she said.

The AnnieWAY has four processors 

in an off-the-shelf computer and a D-
space box, which provides low-level 
control “in case the brain fails,” said 
Soeren Kammel, the technical team 
leader from Karlsruhe University.

A navigation system tracks the car’s 
position and a spinning laser scanner, 
like the one Stanford uses, is mounted 
on the roof. AnnieWAY uses color 
cameras to detect lane markers and 
has an emergency-braking system 
in the event the car loses control, he 
said.

“For the race, the most important 
thing is that the intelligence can cope 
with or follow traffic rules, such as 
how to decide what to do when two 
cars simultaneously enter an intersec-
tion. It moves forward slowly to see 
what the other car is doing,” team 
member Ben Pitzer, a Ph.D. candidate 
who works at Bosch, said.

“The system is very modular. All 
of the processes communicate with 
each other,” he added, demonstrating 
the various mapping systems moni-
tored from a laptop in the back seat. 
“It divides the environment into areas 

Robotic car
(continued from page 17)

At top, Mike Montemerlo, left, of Stanford University gives information about the positioning of Junior to Dirk 
Langer and Dirk Haehnel, who are in the front seats. Above, Junior, the Stanford Racing Team’s entrant into 
the DARPA Urban Challenge, splashes through a puddle while test-driving in a parking lot along Shoreline 
Boulevard. Top middle, the imaging 3-D laser, placed on the roof rack of Junior, spins around 10 times per 
second. Middle below, the control panel features added switches that help the engineers toggle between manual 
and automatic modes of the vehicle.

At top, AnnieWAY team leader and Palo Alto resident Annie Lien points out the design on car’s hood, KIT, 
explaining that Karlsruhe is the main university involved in the engineering of the car. Above, AnnieWAY technical 
team leader Soeren Kammel checks the rear of the car while a computer monitor shows the car’s positioning, 
global information and distance. The data is gathered using 64 vertical laser beams mounted on the roof rack of 
the car. At left, bedecked with sponsors’ decals, Junior 2 is the actual car being entered into the DARPA Challenge 
in Victorville, Calif., by the Stanford Racing Team.

‘ We concentrate on the 
software. We think the 
DARPA Challenge is a 
software competition.’

— Mike Montemerlo, team 
member, Stanford Racing Team

T
o succeed in the DARPA 
Urban Challenge, teams’ robot 
cars must safely complete a 

simulated battlefield-supply mission 
on a 60-mile “urban” course. The 
setting replicates the environment 
in which many of today’s battlefield 
missions are conducted, according 
to the DARPA Web site.

Below are some of the challenges 
the vehicles will face:

•  Stay in the lanes
•  Travel to all designated 

“military” checkpoints
•  Get out of dead-end streets
•  Maintain all speed limits and 

not go more than 30 mph
•  Make U-turns
•  Turn at intersections, staying in 

the assigned lanes
•  Navigate around moving and 

stationary objects without 

crashing into them
•  Drive in reverse
•  Park in parking spaces and 

back out of them
•  Negotiate intersections with 

two, three or more stopped cars
•  Negotiate complex road 

configurations, such as T-stops
•  Negotiate lane endings due to 

construction or hazards
•  Negotiate traffic circles
•  Stop at stop signs
•  Follow all traffic laws
•  Drive successfully on off-road, 

unpaved surfaces
•  Where there are no lanes, 

detect roadside berms and not 
crash into them

•  Complete the 60-mile race in 
under 6 hours

— Sue Dremann

The mission to accomplish

(continued on next page)
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it can drive in. Black is where it can 
drive; red is where it can’t drive. 
(The laser) can scan up to 120 me-
ters away.” 

He switched to another program. 
A 3-D image of the AnnieWAY ap-
peared at the center of concentric 
rings of black lines. Some of the 
lines rose from the two-dimen-
sional rings to become little blobs 
of denser lines. The blobs stretched 
and moved around the car’s image. 
These were people as AnnieWAY 
perceives them.

The tracking system is precise, 
but not so much as to pick up leaves, 
Pitzer said. It is looking for dynamic 
objects — such as people, animals 
and moving cars — or larger inani-
mate objects.

Kammel relinquished the car’s 
controls to the robot. The An-
nieWAY jolted in short hops. A 
problem with the safety-braking 
feature caused the car to lurch, 
but once disabled, the car moved 
smoothly, its steering system sens-
ing the road’s nuances. 

“Even at night, it will still sense 
where it needs to go,” Pitzer said.

As amazing as autonomous cars 
appear to be, there is still a large 
learning curve, he added.

“There are a lot of situations 
where you see how good human rea-
son does and how bad the computer 
does,” he said.

The robot can’t distinguish be-
tween different kinds of moving 
objects in its current configuration, 
although living beings have specific 
patterns that distinguish them. A 
computer can use the movement of 
shoulders or necks to differentiate 
people from trees, Kammel said.

Sebastian Thrun, project leader 
of the Stanford Racing Team, said 
making the right choice of action 
— the choice of “What shall I do?” 
— is more difficult than one might 
think. It’s the nuances of commu-

nication — that wave or nod that a 
person gives or gets at an intersec-
tion when two cars meet — — that 
is distinctly human.

“General-purpose understanding 
remains unsolved. It’s a mystery of 
human intelligence. ... You can’t get 
an accurate matching of words and 
images,” he said.

Lien agreed that one of the chal-
lenges to engineers is the tendency 
for other people to anthropomor-
phize machines. The AnnieWAY 
team never refers to the car as “she.” 
In part, that may be because the 
team mostly speaks German, and 
the term for car is gender neutral, 
she said.

“Humans really treat machines 
as if they are humans. As technol-
ogy gets smarter, humans expect 
them to do things humans do. The 
machine can do quite a lot. It can 
calculate numerical value. In a sense 
it is smarter than us,” she said, “but 
they are still machines.” �

Staff Writer Sue Dremann 
can be e-mailed at sdremann@
paweekly.com.

E
ven though the idea of driver-
less vehicles sparks flights of 
the imagination, don’t expect 

a fully autonomous car to be on the 
market anytime soon, researchers 
say.

Autonomous vehicles for mili-
tary applications are probably five 
to 10 years away, performing tasks 
such as removing mines and ex-
plosive devices. It will be 20 years 
before a fully autonomous car hits 
the mainstream market, according 
to Sebastian Thrun, project leader 
of the Stanford Racing Team. 

For one thing, the cost will have 
to come down. Experimental cars 
have run the gamut in price. The 
AnnieWAY, developed by a Ger-
man team led by Palo Altan An-
nie Lien, cost $300,000. Junior, 
Stanford’s current prototype, cost 
$2 million — four times that of 
the team’s first robotic car, Stanley, 
Thrun said.

And there are greater obstacles 
beyond technology.

“There are all the [transporta-
tion-safety] regulation hurdles. 
Who will be responsible if it 
crashes? If you don’t have a driver 
anymore, the liability shifts to the 
manufacturer,” he said.

Even if fully autonomous cars 
may not materialize soon, com-
mercial applications will come 
in stages in the form of driver-
assistance devices, such as lane 
tracking that senses when fatigued 
drivers are drifting off roads, ac-
cording to Thrun. 

Such applications could be 
hugely effective in reducing fatali-
ties — something that has touched 
Thrun personally. He has known 
several people who died in traffic 
crashes. 

And when he lectures, he often 
asks audience members how many 
of them have known someone who 
died in an auto accident.

“Half the audience raises a 
hand,” he said.

There is no question in some re-

searchers’ minds that autonomous 
cars, whenever they become main-
stream, will lead to greater safety 
on increasingly dangerous roads. 

With virtually no new highway 
construction in the state and a 
3-percent increase of highway traf-
fic per year, Thrun said crowded 
highways could lead to disastrous 
conditions. 

He envisions a future that could 
leverage the existing space and in-
crease fuel economy by as much 
as 17 percent by close convoying 
of trucks. And because of their ac-
curacy, robotic trucks could travel 
successfully at such close toler-
ances without having accidents. 
In tests, some computer-driven 
trucks have an accuracy of driving 
10 centimeters apart at 70 mph, he 
added.

“Eight percent of the gap is taken 
up by the car. The rest is complete-
ly free space. It’s because we are 
lousy drivers,” he said. �

—Sue Dremann

Robotic car
(continued from page 19)

‘ There are a lot of 
situations  where you 
see how good human 
reason does and how 
bad the computer 
does.’

— Ben Pitzer, a Ph.D. 
candidate who works at Bosch

Left, AnnieWAY technical team leader Soeren Kammel, right, talks 
about the car’s computer system while team member Ben Pitzer looks 
on. Below, the AnnieWAY is loaded with computers, lasers, monitors 
and more technology that help make it autonomous. Sebastian Thrun, 
project leader for the Stanford Racing Team, stands outside Google 
last week. He’s hoping the team will recapture first place in the DARPA 
Challenge, which it won in 2005.

A future for driverless cars?

On the cover: The rear view 
of Junior, the Stanford Racing 
Team’s test car for the DARPA 
Urban Challenge, displays the 
rotation laser beams and other 
key equipment. Photograph by 
Marjan Sadoughi.


