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« Bridge solutions / collateral benetfits
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Acclalmed by experts as one of the greatest automotlve mventlons ever developed

1970 %ChWSIer Imperial: sure-break ABS
NAU TO P I I—OT 1097 Toyota radar adaptive oruise T

..................................................................................................................................................................

.......................................................................................................................................................

.+ an amazing new device that 2004 Infiniti lane-departure warning

helps you maantain @ CONSIAME |

speed and warns you of excessive

speed . . . available only on 1958 20006 ;LGXUS para||e|-park assist
CHRYSLERS and IMPERIALS e N Sy dai R R

..................................................................................................................................................................

1958 IMPERIAL AUTO-PILOT CONTROL DIAL 2008 EMerCedeS Attn Assist - drowsy’? Waming

...........................................................................................................................................................

...................................................................................................................................................

2010 Google AV's on CA roads
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LIDAR UNIT

Constantly spinning, it uses laser beams to
generate a 360-degree image of the car's
surroundings.

RADAR SENSORS

Measure the distance from
the car to obstacles.

lToday

—— CAMERAS

Uses parallax from multiple images to find the
distance to various objects. Cameras also detect
traffic lights and signs, and help recognize
moving objects like pedestrians and bicyclists.

ADDITIONAL
LIDAR UNITS
By Guilbert Gates | Source: Google | Note: Car is a Lexus model modifi

MAIN COMPUTER
(LOCATED IN TRUNK)
Analyzes data from the
sensors, and compares
its stored maps to assess

current conditions.




Harder than It LOOKS

CNNMoney (New York)
April 4, 2016

George Hotz
'"How hard can it be”?”
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More than a Mobile Phone

LIDAR UNIT — CAMERAS

Constantly spinning, it uses laser beams to Uses parallax from multiple images to find the

generate a 360-degree image of the car’s | distance to various objects. Cameras also detect

surroundings. I traffic lights and signs, and help recognize
moving objects like pedestrians and bicyclists.

RADAR SENSORS
Measure the distance from >

\
- 4
the car to obstacles. // L
l //

ADDITIONAL ST T f MAIN COMPUTER
LIDAR UNITS N — (LOCATED IN TRUNK)

/ '.- — — Analyzes data from the

sSensors, and compares
\ ¢ N its stored maps to assess
\ current conditions.
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By Guilb Gals Source: Googl N C X t odi (3¢ (



Perception & Localization

e Perception:
Cameras
RabDAR

IDAR*®
Jltrasound

e Localization:
GPS+
MU
odometry

e SUpercomputer

200 meters

e ——

\\18 UBQ!BBS/
|

Stereo camera

new options

Sensors of different capabilities cover 360 degrees, with overlapping fields of view.
Source: Seeking alpha 10/22/2015
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90 degrees 130 meters




AV Supercomputer

e NnVidia Drive
PX 2 series

Autocruise

e Intel GO platform
Atom, Xeon & Arria 10 FPGAS

e Qualcomm

Snapdragon
820 Automotive
Drocessor

http://www.nvidia.com/object/drive-px.html 2/1/2017
http://www.intel.com/content/www/us/en/automotive/go-automated-driving.html 2/1/2017
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Fully Autonomous Driving



Detection & [racking

Find, ID & track multiple objects:

. - arge FOP-MOC Module
 Deep nets trained on hand- vadar | | detections
Radar obj —
labelled datasets | | [ES—_ istof
. . : imaggs
« Pedestrians, cyclists, vehicles, camera i
signs, trees, sidewalks, painted Camera based | B et
. | laser - )
“nes Lidar (PO, ROIs ':lej;saice’sentation
- ' _ ey | SLAM ist 0 vin ist of
 Output: boxes or pixel-by-pixel P — = onions | Mouns | | | Uistof
‘abe | S. Filter State | | odometry | detection Tracking Objects
Im possi ble: com D lete trainin g Frontal Object Perception (FOP) - Moving Object Detection (MOC)

Source: Yu Huang, Baidu
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Deep Networks

Output

(object identity)

IMAGENET
Accuracy Rate
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Deep Networks




Challenges

» [echnical
e _egal / regulatory

ePrivacy



Challenges

The Unpredictable






Source: sfcitizen.com 3/2012 R
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Partial Solution: V2x
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Challenges

Rules of the Road






Official Signal: Context

29



Official Signal: Context

30 Source: The Greek Streets, June 30, 2011



Connected Car Plattform

TRAFFIC
NAVIGATION

ﬂ

WEATHER

SPEED
CAMERAS

WEB RADIOS &
MUSIC ON DEMAND

NEWS

COMMUNICATION
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Safety

Tragically, nearly 1.3 million people around the world are killed in traffic accidents every year.

94% 66% 56% 16%
Collisions are  Collisions are Fatalities Collisions are
caused by caused by involve caused by
human distracted aggressive drowsy

decisions driving driving driving

Source: Association For Safe International Road Travel (ASIRT) 2016



Caruma

State-of-the-art driver assistance with computer vision technology




Caruma

Caruma Technologies is about to change that with our initial technology offering that combines Big Data analytics, Cloud computing, High-
Definition video and advanced mobile connectivity into a powerful vision-based connected car platform.
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Skills Needed for AV

Deep Learning
Computer Vision
Sensor Fusion

Mapping
Analytics






