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Objectives
Obijectives in Part |

Summarize the progress of AVs over the years

Discuss the role of perception in AVs and where it fits within the AV workflow

Review well-known failures of AVs in providing safety to drivers and to others

Discuss major technical challenges currently facing AV

Motivate deep learning as a holistic solution to perception challenges
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Perception
What is Perception?

What is perception?

See, process, understand.
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Perception
Perception in AVs
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Perception in AVs
Tsubaka Mechanical Engineering Laboratory (1977)

First standalone “autonomous” vehicle

Technology demonstrated:

Two video cameras and an analog computer onboard for
image processing, Detect street markings

Automatically Operated Car
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Perception in AVs
Eureka PROMETHEUS Project (1987 - 1995)

e PROMETHEUS

New technologies
demonstrated:

Vision enhancement, Lane
keeping support, visibility
range monitoring, Driver status
monitoring, Collision
avoidance, Cooperative
driving, Autonomous intelligent
cruise control

Gr Georgia
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Perception in AVs
DARPA Grand Challenge (2004 - 2005)

New technologies demonstrated:

Wide sensor suite including stereo vision, LIDAR,
radar, and ultrasound sensors, sensor fusion,
obstacle detection, off-road path following, path

finding
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Georgia Tech in DARPA Challenge
Need for Failsafe in AVs

Video/News Articles
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New technologies
demonstrated:

Low latency failsafe
mechanisms in
connected cars
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Perception in AVs
A Leap in Progress

AV statistics in California (Dec 2019 — Nov 2020)
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Tesla driver dies in first fatal crash while
using autopilot mode T ———
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The autopilot sensors on the Model S failed to distinguish a white ——— G
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1. The National Highway Traffic Safety Administration (NHTSA) YRR s ¥ / selon Fones \-qé P
determined that a “lack of safeguards” contributed to the wersncowt |7/ oasres —f-Ry B

death
2. "Neither Autopilot nor the driver noticed the white side of the

tractor trailer against a brightly lit sky, so the brake was not
applied,” Tesla said.
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Uber’s self-driving SUV saw the
pedestrian in fatal accident but didn’t
brake, officials say

PUBLISHED THU, MAY 24 2018.9:52 AM EDT | UPDATED THU, MAY 24 2018.10:43 AM EDT

Sensors on the fully autonomous Volvo XC-90 SUV spotted-while the

car was traveling 43 miles per hour and determined that braking was needed

e
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1.3 seconds before impact, according to the report.
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Challenging weather
Challenging sensing
Challenging environments
Context awareness
Embedded perception
V2X perception
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Technical Challenges in Perception for AVs
Challenging Sensing and Weather
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Challenging weather
Challenging sensing
Challenging environments
Context awareness
Embedded perception
V2X perception
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Technical Challenges in Perception for AVs
Challenging Environments

» Challenging weather

« Challenging sensing

« Challenging environments
« Context awareness
 Embedded perception

« V2X perception
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Challenging weather
Challenging sensing
Challenging environments
Context awareness
Embedded perception
V2X perception
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Does the fire impede mobility?
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Technical Challenges in Perception for AVs
Embedded Perception

On-board computational capabilities of modern deep learning algorithms is a challenge

15,000x increase in 5 years

» Challenging weather -

1 trillion

« Challenging sensing
« Challenging environments

 Context awareness

Megatron-Turing

 Embedded perception

Model size

« V2X perception

Transformers BERT GPT-2 GPT-288B T5 Turing-NLG
65M 340M 1.5B 8.3B 11B 17B

MID 2018 2019 MID LATE 2020 MID LATE 2022
2017 2019 2019 2020 2021

Time
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Challenging weather
Challenging sensing
Challenging environments
Context awareness
Embedded perception
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Role of Perception
Role of Perception within AVs

Receive sensor Interpret sensor
data data

Choose Actions Take Action

Role of Perception:

Perceive Decide
. Filter,

* process, and

ObjectRecognition

* understand

SLAM/ Localize

sensor data Detect Lane/Signal

Operating System

Hardware
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Sensors
Role of Sensors for Perception
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Sensors
How can we choose the “appropriate” Sensors?
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Sensors
Choosing the Appropriate Sensors

« Sensors need to work under challenging weather
conditions

» Sensors need to have sensing capacity and resolution in
meeting challenging sensing environments

 Sensors must be cost effective

« Sensor fusion and sensor registration must be
computationally effective

« Sensors must output minimum noise or their working
ranges must be known in advance

» Sensor data must be resistant to cyber and adversarial
attacks
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Sensors
Choosing the Appropriate Sensors

Factors Camera LiDAR Radar Fusion
Range ~ ~ v v
Resolution v ~ X v
Distance Accuracy ~ v v v
Velocity ~ x v v
COIOL I;?fl;zell:i);}?:;’ e.g., v & " v
Object Detection ~ v v v
Object Classification v ~ x v
Lane Detection v x x v
Obstacle Edge Detection v v x v
[Nllumination Conditions 3 v v v
Weather Conditions x ~ v v
23 of 184 IEEE [Tutorial] | [Ghassan AlRegib and Mohit Prabhushankar] | [June 4, 2023]
IV2“23 Yeong, D. J., Velasco-Hernandez, G., Barry, J., & Walsh, J. (2021). Sensor and sensor fusion technology in

autonomous vehicles: A review. Sensors, 21(6), 2140.

Georgia
Tech.



Sensors

Choosina the Appropriate Sensors
TABLE I

DIFFERENT SENSORS USED IN AV DEVELOPMENT

>

I*
vs)
(@
i

Vehicle
Audi’s Research Vehicle [48]
Ford: Hybrid Fusion [49]

< < | m
<

Google: Toyota Prius [50]
Nagoya and Nagasaki University’s Open ZMP Robocar HV (Toyota Prius) [51]
Volvo: (Stoklosa, Cars) [52]
Apple: Lexus RX450h SUVs [53]
DIDI’s research vehicle [54]
Infiniti Q50S [55]
Lexus RX [56]
Volvo XC90 [57]
BMW750i xDrive [58]
Mercedes-Benz E & S-Class [55]
Otto Semi-Trucks [59]
Renault GT Nav [60]
Tesla Model S [61]
Baidu Apollo [62]
#Note: A:Vision; B:Stereovision; C:IR Camera; D:LIDAR; E:Radar; and F:Sonar.
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Levels of Autonom)
Taxonomy

S

INTERNATIONAL»

What does the
human in the
driver’s seat
have to do?

Current technology:

e Levels 1 and 2 are in the
market

What do these
features do?

« Extensive testing on
Level 3

Example
Features
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SAE J3016™ LEVELS OF DRIVING AUTOMATION"

Learn more here: sae.org/standards/content/j3016_202104

SAE
LEVEL 1"

SAE
LEVEL 2"

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and
you are not steering

You must constantly supervise these support features;
you must steer, brake or accelerate as needed to
maintain safety

These are driver support features

These features
provide
steering

AND brake/
acceleration
support to
the driver

These features
provide
steering

OR brake/
acceleration
support to
the driver

These features
are limited
to providing
warnings and
momentary
assistance

*automatic *|ane centering *|ane centering

emergency OR AND
braking
*adaptive cruise

control at the
same time

*adaptive cruise

*blind spot control

warning

*|lane departure
warning

Copyright © 2021 SAE International. The summary table may be freely copied and distributed AS-IS provided that SAE International is acknowledged as the source of the content.

SAE
LEVEL 0"

SAE
LEVEL 5"

SAE
LEVEL 3"

SAE
LEVEL 4"

You are not driving when these automated driving
features are engaged - even if you are seated in
“the driver’s seat”

When the feature
requests,

These automated driving features
will not require you to take

you must drive over driving

These are automated driving features

This feature
can drive the
vehicle under
all conditions

These features can drive the vehicle
under limited conditions and will
not operate unless all required
conditions are met

s traffic jam *|ocal driverless
chauffeur taxi

*Same as
level 4,
but feature
can drive
everywhere
in all
conditions

s pedals/
steering
wheel may or
may not be
installed

[Tutorial] | [Ghassan AlIRegib and Mohit Prabhushankar] | [June 4, 2023] Georgia

https://www.sae.org/blog/sae-j3016-update Tech.



https://www.sae.org/blog/sae-j3016-update

Levels of Autonomy
Levels 1 and 2 Autonomy

The vehicle is self-sufficient
in terms of onboard sensors and

. Long-Range Radar
. Short-/Medium-Range Radar e Environment
Environment : 1
B Camera Mapping Surround Mapping pe rce ptl on !
B LiDAR View
Digital Side
Mirror

Blind Spot
Detection

I'raffic Sign
Recognition
Cross
Traffic
Emergency Braking Aler!
Pedestrian Detection™
Collision Avoidance

i Park Assistance
Environment

Mapping

Surround View

Adaptive

Rear View Mirror

Assistant

Rear
Collision
Warning

Digital Side
Mirror
Surround

View

Environment
Mapping

Environment
Mapping
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Levels of Autonomy
Levels 3 and Beyond

Vehicle-to-
Infrastructure
(V2l1)

Vehicle-to-
Network (V2N)

Infrastructure

Network

/4‘), gy The vehicle needs help
@§@ — from other sensors,

Vehicle-to- S | Pedestrian d I

Vehicle (V2V) s sources, and processors!

Vehicle

Vehicle Pedestrian
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Levels of Autonomy

Achieving Perception

. Long-Range Radar
. Short-/Medium-Range Radar
. Camera
B LipAR

Mapping

Traffic Sign
Recognition
Cross
Traffic
Emergency Braking J
Pedestrian Detection
Collision Avoidance

(M .\\,v'\n%

<@
3‘\0

Environment
Mapping

Environment

Environment
Surround Mapping
View
Blind Spot

Digital Side Detection

Mirror

Environment
Mapping

Rear
Collision
Warning

Digital Side
Mirror
Surround

View
Environment
Mapping

Park Assistance
Surround View

Rear View Mirror

((( ))) :
i . Vehicle-to- \
jebiclete, Infrastructure
Network (V2N) (v21)
Network Infrastructure

N\

Vehicle-to-
Vehicle (V2V)

Vehicle-to-
Pedestrian
(V2P)

Vehicle

Pedestrian

How to filter, process, and understand sensor data?

T (@ 2023
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Levels of Autonomy
Achieving Perception

Before: Perception is decomposed into a number of manageable applications

gz IO, world status, etc. e
. SEEE N ¢ » How to filter,
. ............... : o Planmng Motion :r ------------------ :
Sensors l Localizatio;‘1, and —> Veal?lc(ljle —)} Actuators p rO Ce S S y a n d
S Decision Control A . d t d
) /" understand sensor

y ]
! L data?

\\L System Supervision J )
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Levels of Autonomy
Goal of the Tutorial

Deep Learning: Provides a holistic solution to perception

.....
..................
.......
........
.......
.............
.....
........
.
-------
went

~—— —*+ 1 . How tofilter

: """""""" Pl ) Motion P — é
sensors S L, T L L e 5 PTOCESS, and
Decision i
---------------- Control S
) 4/ understand sensor

., ....
——————————  —————————

y ]
! L data?

\\L System Supervision J )
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Objectives
Takeaways from Part |

Part I: Challenges in Perception and Autonomy

« Robustness under challenging conditions, environments, context and surroundings-awareness are
challenges in AV perception

» Deep Learning promises a holistic solution to a number of the above challenges

Part Il: Deep Learning for Perception

Part lll: Existing Deep Learning solutions to Challenges in Perception

Part IV: Remaining Challenges and Future Directions

310f 184 Iﬁi 2 ﬂ 2 3 [Tutorial] | [Ghassan AlRegib and Mohit Prabhushankar] | [June 4, 2023]

sssssssssssssssssssssssssssssss

Gr Georgia
Tech.




