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Stanford Racing Team

e Why DARPA offered the Grand Challenges
o To simulate innovation through prizes

e First DARPA Grand Challenge, $1M Prize
o March 13, 2004
o 150 mile route
o CMU - Sandstorm, 7.32 miles (NO WINNER)

e Second DARPA Grand Challenge, $2M Prize
o October 8, 2005
o 132 mile route
o Stanford Racing Team - Stanley, 132 miles
o 6:54 hours

New Team (160)
2004 applicant (35)



Why Stanford was Successful

& @ FINISH

Leveraged not entering the 2004 Challenge
Didn’t recreate the wheel (pun)

Focused on innovation and integration
Smart software and sensor selection

Lean, mean non-dysfunctional team

Not afraid to test

Tested against the 2004 course



Computers

On race day. two Pentium M
processor boards controlled
driving, another handled vision
systems and one logged data.
Two more served as backups.

Avtomatic Transmission
Electronically controlied hy-
draulic arm manipulates the
automatic shift lever. Manual
override safety switches are
below, on center console.

Steering Mechanism

Electric motor spins a sprocket,
driving a motorcycte-chain link-
age around the steering column
at speeds up to one full wheel
revolution per second.

GPS Navigation

Three GPS receivers provide
data on positicn, pitch

and heading.

Inertial Guidance

Three gyroscopes and three
accelerometers mounted above
the rear axle provide detailed
orientation data in“6D"

Light Detection and Ranging
Five LIDAR units at various angles
bounce laser beams off rotating
migrors to create a 30 map of ter-
rain up to about 100 ft. away.

Color Video

Avideo camera scouts drive-
able road up 0160 ft. ahead,
Identifies distant obstacles.

2015

I Under the bonnet

How a self-driving car works

Signals from GPS (global positioning system) Lidar (light detection and ranging)
satellites are combined with readings from sensors bounce pulses of light off the
tachometers, altimeters surroundings. These are analysed to
and gyroscopes to provide identify lane markings and the

more accurate positioning S eiig e 0f roads

than is possible with
GPS alone —————————a

Video cameras detect traffic lights,
read road signs, keep track of the

Radar : position of other vehicles and look
sensor - out for pedestrians and obstacles

q e~ crtheroad

;!
mir

Ultrasonic sensors may
be used to measure the -
position of objects very The information from all

close to the vehicle, of the sensors is analysed

such as curbs and other by a central computer that

vehicles when parking manipulates the steering,
accelerator and brakes. Its
software must understand Radar sensors monitor the position of other
the rules of the road, both vehicles nearby. Such sensors are already used

Source: The Economist formal and informal in adaptive cruise-control systems

Source: The Economist, “How does a self-driving car work?”




DARPA rule details
Starting and take-over scenarios
Test Plan - 150 pages
Extensive field testing
o Stanford Parking Structure
m Simple obstacles
o Ranch in Barstow, CA
m Near 2004 Race Course
m First autonomous mile
m DARPA Site Visit
o VW Test Center in Arizona
m Collision avoidance
m Endurance testing
o  National Qualifying Event (NQE)
m Variety of Conditions



https://docs.google.com/file/d/1XiBOpzqylgqepTEpm_fHhMM2xQjHzg5_/preview

The Race

2005 Finalists: 23 Teams

Teams receive course data
6:30 AM  Race starts
6:35AM  Stanley starts (seeded 2nd)
~12:00 PM Stanley passes H1lander
~ 1:30 PM Stanley wins!

All that testing paid off



https://docs.google.com/file/d/1_Hqs_7Pk6XLIqZ8P8Z9FNAcfLdE3UlBz/preview

“‘Mark my words: a combination airplane and motorcar is coming.
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Opener, Inc.

BlackFly, the world’s first:
o  Ultralight all-electric fixed-wing
o Vertical take-off and landing (VTOL)
o Personal Aerial Vehicle (PAV)

Founded in Canada in 2011

Now located in Palo Alto

Public Launch on July 12, 2018



https://docs.google.com/file/d/1NKl5PKQI8TZQwVxcGTehstMzKmiRA9oB/preview

Milestones

Milestone A
e Must be achieved within 24 months
o  Build 3 fully-operational prototype vehicles
o Demonstrate 2-minute hover with a 200 Ibs payload for each vehicle
o Demonstrate a VTOL 10-mile flight by remote control with a 200 Ibs payload

Milestone B
e Must be achieved within 48 months
o  Build 20 fully-operational vehicles
o Demonstrate 30-mile autonomous flight with a 200 Ibs payload for each vehicle
o Accumulate a 10,000 miles over a minimum flown distance of 30 miles with a 200 Ibs payload
o  Operate major incident-free for 1,000 miles flown



BlackFly

Safety is our highest priority

e Three flight controllers
Triple-modular redundant sensors
Redundant motors, elevons, and batteries
Isolated, distributed batteries
Autonomous takeoff and landings
Software flight-envelope protection
Geofence-capable
Real-time alerts
Intuitive joystick
Return-to-Home
Auto-Land
Ballistic parachute
Comprehensive training




Short for Dashboard

CRAVE
o Clarity
o Record
o  Accountability
o Visibility
o Ease

Manage by exception

Subscribe - email notifications



Checklists

before
after

e Critical to our business
e Can feel tedious and therefore prone to error
e Leverage the computer

o Make the computer do the grunt work
Provide a fun, easy-to-use interface
Use a consistent format
Collect required information
Perform calculations automatically
Give the user credit
Hold the user responsible
Manage by exception
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Configuration Management

e Keep track of key components
e Assign Tracking Numbers

o  Serial Numbers and/or Lot Numbers
e Hang information off Tracking Numbers

o e.g., Flights, Flags, Service Records
e Know part history
e Know where parts are installed
e Know which parts comprise an aircraft

e When issues arise, don't chase tail



Flight Testing

Testing drives development
Well-defined processes and roles
Leverage Dash

Most flights are autonomous
Mother Nature is our teacher
Debug-to-solution time is short
1,800+ flights

22,000+ miles with full payload



https://docs.google.com/file/d/1ZA2loFtrtk_21Hcc3SQ3qmGw3NnE4Ebr/preview

Conclusion

Takeaways
e Follow your passions
e Think beyond intricate design details
e Develop tools to operate efficiently and effectively
e Test, test, test

Further Information Vo
e DARPA Grand Challenge NOVA £
o NOVA's The Great Robot Race
e Opener, Inc.
o https://opener.aero

Thank you!




